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(S4)'nUe: AGONIST PEPIIDE DIMERS 
(57) Abstract 



The present invention is directed to the dimerization of agonists and antagonists of cell surface receptors and particularly to peptide 
dimers which behave as cell surface receptor agonists in their dimeric form. Such receptors belong to the dimerization-mediated activation 
class often observed among receptofs for growth and differentiation factors. The agonists of this class of receptors is understood to effect 
dimerization of the receptor and thus signal initiation. The present invention exemplifies dimen of erythropoietin (EPO) agonists and 
antagonists comprising a core amino acid sequence of X3X4X5GPX«TWX7X8 (SEQ CD NO: 1) wherein each amino acid is indicated by 
standard one letter abbreviation: X3 can be C. A. a-amino-7-broraobutyric acid or Hoc; X4 can be R, H, L or W; Xj can be M, F, or I; X6 
is idependently selected from any one of the 20 genetically coded L-amino acids or the steieoisomeric D-amino acids: Xt can be D. £. I. 
L or V; and Xg can be C, A, ct-aniino-7-bTomobuiyric acid or Hoc, provided that either X3 or Xs is C or Hoc. 
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AGONIST PEPTIDE DIMERS 
FIELD OF THE INVENTION 

The present invention is directed to the 
dimerization of agonists and antagonists of cell surface 
receptors and particularly to peptide dimers which 
behave as cell surface receptor agonists in their 
dimeric form. Such receptors belong to the 
dimerization-mediated activation class often observed 
among receptors for growth and differentiation factors. 
The agonists of this class of receptors is understood to 
effect dimerization of the receptor and thus signal 
initiation. The present invention exemplifies dimers of 
erythropoietin (EPO) agonists and antagonists comprising 
a core amino acid sequence of XaX«X3GPX«TWX,X« (SEQ ID 
NO: 1) wherein each amino acid is indicated by standard 
one letter abbreviation; X, can be c. A, a-amino-7- 
bromobutyric acid or Hoc; X* can be R, H, L or W; X, can 
be M, F, or I; x« is independently selected from any one 
of the 20 genetically coded L-amino acids or the 
stereoisomeric D-amino acids; X, can be D, E, I, L or V; 
and X« can be C, A, a-amino-Y-bromobutyric acid or Hoc, 
provided that either X, or X, is C or Hoc. 

BACgGROlhlD OF THE IHVEMTIOW 

Erythropoietin (EPO) ia a glycoprotein hormone 
with an approximate molecular weight of 34,000 daltons. 
The primary role of EPO, which is synthesized in the 
kidneys of mammals, is to stimulate mitotic cell 
division and differentiation of erythrocyte precursor 
cells. As a result, EPO acts to stimulate and to 
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Claus-Walker ec al. (1984) Arch . Phvs . Med . Rehabil . 
65:370-374); space flight (See, Dunn et al. (1984) Eur. 
J. Appl. Phvsiol. 52:178-182); acute blood loss ( See . 
Miller et al . (1982) Brit . J. Haematol . 52:545-590); 
aging (See, Udupa et al. (1984) J. Lab. Clin . Med. 
103:574-588); various neoplastic disease states 
accompanied by abnormal erythropoiesis ( See , Dainiak et 
al. ( 1983) Cancer 5: 1101-1106) ; and renal insufficiency 
(See, Eschbach et al. (1987) N. Ena- J. Med. 316.:73-78). 

Although purified, homogenous EPO has been 
characterized, little is known about the mechanism of 
EPO-induced erythroblast proliferation and 
differentiation. The specific interaction of EPO with 
progenitor cells of immature red blood cells, platelets, 
and megakaryocytes has not been described. This is due 
in part, to the small nximber of surface EPO receptor 
molecules on normal erythroblasts and on the 
erythroleukemia cell lines. See Krantz and Goldwasser 
(1»84) Proc. Natl . Acad . Sci . USA, 81:7574-7578; Branch 
et al. (1987) Blood 69:1782-1785; Mayeux et al. (1987) 
FEBS Letters 211:229-223; Mufson and Gesner (1987) Blood 
69:1485-1490; Sakaguchi et al. (1987) Biochem . Biophys . 
Res. Commun . 146:7-12; Sawyer et al. (1987) Proc . Natl . 
Acad. Scl. USA 84:3690-3694; Sawyer et al. (1987) J. 
Biol. Chem. 262:5554-5562; and Todokoro et al. (1988) 
Proc. Natl . Acad . Sci . USA 84:4126-4130. The OKA 
sequences and encoded peptide sequences for murine and 
human EPO receptor proteins have been described. See , 
D* Andrea et al. PCT Patent Publication No. wo 00/08822 
(published 1990). 
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dimers have two 'monomeric' peptide units of 10 to 40 or 
more amino acids, preferably 14 to about 20 residues in 
length, comprising a core amino acid sequence of 
XaX^XsGPXsTWX^Xa ( SEQ ID NO: 1) where each amino acid is 
indicated by standard one letter abbreviation; X, can be 
C, A, a-amino-Y-bromobutyric acid, or Hoc, where Hoc is 
homocysteine? X* can be R, H, L, or W; X, can be M, F, 
or I; X« is independently selected from any one of the 
20 genetically coded L-amino acids or the stereoisomeric 
D-amino acids; X, can be D, E, I, L, or V; and X« can be 
C, A, o-amino-Y-bromobutyric acid, or Hoc, where Hoc is 
homocysteine, provided that either X3 or Xe is C or Hoc. 
Preferably, the monomeric peptide unit of the dimer 
comprises a core sequence YXaX3X«X,GPX«TWX,X« (SEQ ID 
NO: 2) where each amino acid is indicated by standard 
one letter abbreviation; each Xa and X« is independently 
selected from any one of the 20 genetically coded L- 
amino acids; X3 can be C, A, a-amino-Y-bromobutyric 
acid, or Hoc, where Hoc is homocysteine; X« can be R, H, 
L, or W; X9 can be M, F, or I; X-, can be D, E, I, L, or 
V; and X« can be C, A, a-amino-Y-bromobutyric acid, or 
Hoc, where Hoc is homocysteine, provided that either Xs 
or Xa . is C or Hoc . 

More preferably, the monomeric peptide unit of 
the dlmer comprises a core sequence of amino acids 
XiYX,X3X«X9GFX«TWX-,XaX,XiaXix (SEQ 10 NO: 3), where each 
amino acid is indicated by standard one letter 
abbreviation; each Xi, X,, x«, X^, Xio, and Xix is 
independently selected from any one of the 20 
genetically coded L-amino acids; Xa can be C, A, a- 
amino-Y~bromobutyrlc acid, or Hoc, where Hoc is 
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SCHFGPLTWVCK ( SEQ ID NO: 18). 

Other particularly preferred monomeric peptide 
units of the present dimers include oeptides comprising 
a core sequence of the formula (AX,) ^XaX^XsGPX^TWX^X, 
(SEQ ID NO: 19) wherein X, through Xe are as previously- 
defined herein (SEQ ID NO: 2), n is 1 or 0 and A is any 
one of the naturally occurring L-amino acids except Y 
(tyrosine); n is defined herein as the number of 
occurrences of (AXi) which can be 1 or none in the core 
sequence. When (AX,") is present, i.e. when n = 1, A is 
not tyrosine and A is not any non-naturally occurring 
aromatic amino acid analog. Such monomeric peptide 
units of the dimers of this invention can be prepared by 
truncating the peptides cf Fig. 9, for example, from the 
N-terminus to delete the Y, tyrosine residue in SEQ ID 
NOS. 21 - 93. Such monomeric peptides can also be 
prepared by substitution of Y in position A in the 
peptides of Fig. 9. 

In accordance with the present invention the 
monomeric units of the dimers can be the same or 
different. 

In a preferred embodiment polyethylene glycol 
(PEG) is employed as a linker to form the dimeric 
peptides of the present invention through a covalent 
bond. 

In another embodiment/ the present invention 
is directed to pharmaceutical compositions comprising at 
least one dimer peptide of the invention and a 
pharmaceutical carrier. 
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Fig. 2 shows a major peak, with a retention 
time of 48 minutes, following purification of the 
dimerized EPO peptide, (SEQ ID NO : 8). 

Fig. 3 depicts the MALDI-TOF mass spectral 
analysis of the dimerized peptides, including peptide 
(SEQ ID NO: 8), GG7YSCHFGPLTWVCKPQ (SEQ ID ITO: 13) and 
SCHFGPLTWVCK (SEQ ID NO: 18). 

Fig. 4 shows the SDS-PAGE analysis of DPDPB 
crosslinking of EPO binding protein (EBP) in the 
presence and absence of EPO agonist peptides . 

Fig. 5 demonstrates equilibrium EPO binding to 
immobilized EPO binding protein. Panel A represents the 
equilibrium binding data and Panel B (inset) is the 
linear transformation (Scatchard) of the data set in 
Panel A. 

Fig. 5 depicts the results of a competitive 
binding assay run on the EPO agonist peptide 
(SEQ ID NO: 8) in competitive binding with ["-^'IlEPO to 
EBP beads (Panel A); and EPO responsive call 
proliferation studies in FDC-Pl derived cell lines 
containing either a human (Panel B) or murine EPO 
receptor (Panel C). 

Fig. 7 is a graphic representation of the 
results of the exhypoxic mouse bioassay; stimulation of 
the incorporation of ['•Fe] into nascent red blood cells 
by EPO, peptide (SEQ ID NO: 8) (Panel A) and peptide 
(SEQ ID NO: 8) dimer (Panel B) . 

Fig. 8 demonstrates the effect of PEG 
dimerization of peptide (SEQ ID NO: 18) activity in EPO 
responsive cell proliferation studies in FDC-?1 derived 
cell lines containing a human EPO receptor. 
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cell-surface receptors in vitro and in vivo. Such 
receptors include, for example, EPO, GM-CSF, G-CSF, M- 
CSF, GH, EGF, PDGF, VEGF, Insulin and FGF. Other 
receptors which are activated by heterodimerization or 
multiraerization may also be subject to activation by 
this mechanism including, IL-3, IL-5, IL-6, I1.-2 and 
TPO. The dimers of the present invention have two 
'monomeric* peptide units of 10 to 40 or more amino 
acids, preferably 14 to about 20 amino acid residues in 
length. In a preferred embodiment, these monomeric 
peptide units comprise a core sequence of amino acids 
XaX^XaGPX^TWX-rXe (SEQ ID NO: 1) where each amino acid is 
indicated by standard one letter abbreviation; can be 
C, A, o- amino- y-bromobutyric acid, or Hoc, where Hoc is 
homocysteine; X* can be R, H, L, or W; Xa can be M, F, 
or I; X« is independently selected from any one of the 
20 genetically coded L-amino acids or the stereoisomeric 
D-amino acids; Xt can be D, E, I, L, or V; and X« can be 
C,A, a-amino -y-bromobutyric acid, or Hoc, where Hoc is 
homocysteine, provided that either X, or Xa is C or Hoc. 
Preferably, the monomeric peptide unit of the dimer 
comprises a core sequence YXaXaX^XaGPXeTWX^X. (SEQ ID 
NO: 2) where each amino acid is indicated by standard 
one letter abbreviation; each X, and X« is independently 
selected from any one of the 20 genetically coded L- 
amino acids; X, can be C, A, a-amino-y-bromobutyric 
acid, or Hoc, where Hoc is homocysteine; X* can be R, H, 
L, or W; Xs can be M, F, or I; X, can be D, E, I, L, or 
V; and X^ can be C, A, a-amino-y-bromobutyric acid, or 
Hoc, where Hoc is homocysteine, provided thav riither Xa 
or x« is C or Hoc. 
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GGDYHCRMGPLTWVCKPLGG 

VGNYMCKFG? ITWVCRPGGG 

GGVYACRMGP ITWCSPLGG 

VGNYMAHMGP ITWVCRPGG 

GGTYSCHFGPLTWVCKPQ 

GGLYACHMGPMTWVCQPLRG 

TIAQYICYMGPETWECRPSPKA 

YSCHFGPLTWVCK 

YCHFGPLTV7VC 

SCHFGPLTWVCK 



(SEQ ID NO: 9) ; 

(SEQ ID NO: 10) 

(SEQ ID NO: 11) 

(SEQ ID NO: 12) 

(SEQ ID NO; 13) 

(SEQ ID NO: 14) 
(SEQ ID NO:" 15) 

(SEQ ID NO: 16) 

.(SEQ ID NO: 17) 

(SEQ ID NO: 18) 
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The dimer peptides of the present invention 
exhibit increased biological potency in vitro and in 
vivo relative to the monomeric agonists from which the 
dimers are derived. Moreover, cell surface receptor 
antagonists can be 'converted' to cell surface receptor 
agonists in accordance with the present invention. 
Specifically, a cell surface receptor antagonist can be 
dimerized with PEG or another appropriate linker which 
permits mutual binding of the monomeric moieties with 
the receptors. As a result^ the dimer exhibits 
effective binding to the target receptor and behaves as 
an agonist. Accordingly, the dimers of this invention 
demonstrate enhanced biological potency in vitro and In 
vivo relative to their monomeric forms. 

The dimer peptides of the present invention 
bind to and biologically activate the cell suriace 
receptor or otherwise behave as agonists and are 
preferably formed by employing polyethylene qlycol aa a 
linker between the monomeric peptide units cie^cr^bed 
herein. While other conventional chemical systans can 
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Dimerization and especially pegylation in a 
head-to-head (amino to amino terminus) or head-to-tail 
(amino to carboxyl terminus) configuration is preferred 
relative to internal covalent binding of the monomeric 
peptides. The 'monomer' units of the dimer peptides of 
the present invention can be the same or different, 
although the same are preferred. 

The monomeric peptides which are used to form 
thfe dimers of the present invention can be prepared by 
classical chemical methods well known in the art. The 
standard methods include, for example, exclusive solid 
phase synthesis and recombinant DNA technology. See, 
e.g. Merri field (1963) J. Am. Chem. Soc. 85:2149. Solid 
phase synthesis is typically commenced from the C- 
terminal end of the peptide using an a-aalno protected 
resin. A suitable starting material can be prepared by 
attaching the required a-amino acid to a 
chloromethylated resin (such as BIO-BEADS SX-1, Bio Rad 
Laboratories, Richmond, CA) , a hydroxymethyl realn, 
(described by Bodonszky et al. (1966) Chem . Ir.d . 
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Boc. The side chain protecting groups for Lys include 
Cbz, 2-chloroben2yioxycarbonyl (2-Cl-Cbz), 2- 
broraobenzyloxycarbonyl (2-BrCb2)/ Tos, or Boo. 

After removal of the a-amino protecting group, 
the remaining protected amino acids are coupled stepwise 
in the desired order. Each protected amino acid is 
generally reacted in about a 3 -fold excess using an 
appropriate carboxyl group activator such as 2-(lH- 
benxotriazol-l-yi ) - 1 , 1 , 3 , 3tetramethyiuronium 
hexaf luorophosphate (HBTU) or dicyclohexylcarbodiimide 
(DCC) in solution of methylene chloride (CHaCIa), or 
dimethyl formamide (DMF) mixtures. 

After the desired amino acid sequence has been 
completed, the desired peptide is decoupled from the 
resin support by treating the mixture with a reagent 
such as trif luoroacetic acid (TFA) or hydrogen fluoride 
(HF) . These reagents not only cleave the peptide from 
the resin, but also cleave all remaining side chain 
protecting groups. When the chloromethylated resin is 
used, hydrogen fluoride treatment results in the 
formation of the free peptide acids. When the 
benzhydrylamine resin is used, hydrogen fluoride 
treatment results directly in the free peptide amide. 
Alternatively, when the chloromethylated resin 13 
employed, the side chain protected peptide can be 
decoupled by treatment of the peptide resin with ammonia 
to give the desired side chain protected amide or with 
an allcylamine to give a side chain protected alkylamide 
or dlalkylamide. Side chain protection is then removed 
in the usual fashion by treatment with hydrogen fluoride 
to give the free amides, allcylamides , or diallcyiafflidea . 



wo 96/40772 



PCTAJS96/09469 



10 



20 



-19- 



flexibility leading to fewer barriers to effective 
receptor interaction and subsequently receptor 
activation. This is also indicated for molecules which 
can bind but not activate a receptor subtype in that 
such molecules can become more effective inhibitors of 
ligand binding. 

The present invention further provides a 
method for altering a cell-surface receptor antagonist, 
a molecule exhibiting receptor binding but no biological 
activity, to behave as a cell-surface receptor agonist 
in vitro or in vivo. This method is achieved by 



dimerizing the antagonist molecule with an appropriate 
linker molecule such as PEG, other polymerized molecules 
or a peptide. In a preferred embodiment, an EPO 
antagonist, i.e. a peptide exhibiting receptor binding 
but no biological EPO activity can be altered by 
dimerization to obtain a dimer which behaves as an EPO 
receptor agonist. Thus, for example, in the case of 
EFO-R these include the monomeric peptide units of the 
present dijnars comprising a core sequence of general 
formula (AXV)„X3X*XaGPX«TWX,Xa (SEQ ID NO: 19) wherein 
Xa through X^ are as previously defined herein, in (SEQ 
ID NO: 2), n is 1 or 0 and. A .is any one of the naturally 
occurring L-amino acids except Y (tyrosine); n La. 
^5 defined herein as the number of occurrences of (AXa) 

which can be 1 or none in the core sequence. When Xa is 
present, i.e., when n = 1, is not tyrosine and A is 
not any non-naturally occurring aromatic amino add 
analog. Such monomeric peptide units of the dimers of 
this invention can be prepared by truncating the 
peptides of Fig. 9, for example, from the N-terminus to 
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iodohydroxyphenylalanine, p-f luorohydroxyphenyiaianine, 
p-araino-hydroxyphenylaianine act as EPO-R monomer 
agonists but substitution with threonine or alanine for 
tyrosine at position Y causes the monomer peptide to act 
as an EFO-R antagonist. However, when dimerized in 
accordance with the present invention, such dimers 
behave as EPO-R agonists. The monomeric peptide units 
identified at Fig. 9, for example, behave as EPO-R 
antagonists in the absence of tyrosine at position Y of 
the formula above. When such antagonists are dimerzied, 
the dimer behaves as an EPO-R agonist. 

In a further embodiment of the present 
invention, pharmaceutical compositions comprising at 
least one of the dimers of this invention can be 
employed to therapeutically treat disorders resulting 
from deficiencies of biological factors such as EPO, GH, 
GM-CSF, G-CSF, EGF, PDGF, VEGF, insulin, FGF and the 
like. These pharmaceutical compositions may contain 
buffers, salts and other excipients to stabilize the 
composition or assist in the delivery of the dimerized 
molecules . 

In a preferred embodiment, the present 
invention provides a method for treating disorders 
associated with a deficiency of EPO. The method Is 
accomplished by administering at least one of the dimers 
identified herein for a time and under conditions 
sufficient to alleviate the symptoms of the disorder, 
i.e. sufficient to effect dimerization or biological 
activation of EPO receptors. In the case of EPO such 
methodology is useful in the treatment of end-stage 
renal failure/dialysis; anemia, especially associated 
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( nasal, vaginal, rectal, or sublingual) routes of 
administration in dosage forms appropriate for each 
route of administration. 

Solid dosage forms for oral administration 
include capsules, tablets, pill, powders, and granules. 
In such solid dosage forms, the active compound is 
admixed with at least one inert pharmaceutically 
acceptable carrier such as sucrose, lactose, or starch. 
Such dosage forms can also comprise, as it normal 
practice, additional substances other than inert 
diluents, e.g., lubricating, agents such as magnesium 
stearate. In the case of capsules, tablets and pills, 
the dosage forms may also comprise buffering, agents. 
Tablets and pills can additionally be prepared with 
enteric coatings . 

" Liquid dosage forms for oral administration 
include pharmaceutically acceptable emulsions, 
solutions, suspensions, syrups, with the elixirs 
containing inert diluents commonly used in the art, such 
as water. Besides such inert diluents, compositions can 
also include adjuvants, such as wetting agents, 
emulsifying and suspending agents, and sweetening, 
flavoring and perfiiming agents. 

Preparations according to this invention for 
parenteral administration include sterile aqueous or 
non-aqueous solutions, suspensions, or emulsions. 
Examples of non-aqueous solvents or vehicles are 
propylene glycol, polyethylene glycol, vegetable oils, 
such as olive oil and com oil, gelatin, and injectable 
3^ organic esters such as ethyl oleate. Such dosage forms 

may also contain adjuvants such as preserving, wetting/ 
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EXAMPLE 1 

SDS-PAGE gels (10-20% gradient SDS-PAG plates, 
84 X 70 X 1.0 nun. Integrated Separation Systems, Natick, 
MA) were stained with Coomasie Brilliant Blue R-250 
(BioRad) . A coimnercial preparation of activated 
difunctional polyethylene glycol (PEG-succinimidyl- 
propionate, SPA2, MW ca. 3400) was purchased from 
Shearwater Polymers, Huntsville, AL as was the 
monofunctionai reagent, methoxy-PEG-succinimidyl- 
proprionate, MW ca 5000. Peptide (SEQ ID NO: 8) and all 
other peptides were obtained from the Peptide Synthesis 
Facility RWJ-PRI, La Jolla, CA or Quality Controlled 
Biochemical, HopJcinton MA. These peptides were cyclized 
via oxidation of their intramolecular cysteines, 
amidated at the C- terminus and mass confirmed by FAB-MS. 
All were Ellman Reaction negative. Tris base was 
obtained from BioRad, Hercules, CA. (DFOPB) and 
trif luoracetic acid (HPLC grade) were obtained from 
Pierce Chemical Co., Rockford XL. 

Mono-PEG coniuaation of peptide GGTYSCHFGPLTWVCKPQGG 
(SEQ ID NO: 8) 

This example describes the preparation of 
mono-PEG conjugates of peptide (SEQ ID NO: 8), using the 
monofunctionai amine reactive polymer analog m-SFA-PEG 
to be used as a control in experiments described herein. 
The reaction was carried out with polymer in excess (ca. 
3 fold) by resuapending 142.5 mg (0.0286 imoL, MW ca. 
5000) of polymer in 4 ml PBS at pH 7.5 and adding :0 r.g 
peptide (SEQ ID NO: 8) (0.0095 mmol, MW 2092) dissolved 
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1 

EXAMPLE 3 

PEG dimerization o f peptide GGTYSCHFGPLTWVCKPQ GK 
5 (SEP ID NO; 8^ flot »2) 

The modification of peptide (SEQ ID NO: 8) was 
carried out by resuspending 25 mg (0.0071 mmol) of 
polymer in 4 mi PBS at pH 7.5, and adding a ca. 3 fold 
molar excess of peptide (SEQ ID NO: 3) (0.0213 mmol, 
45.8 mg, MW 2092) dissolved in 1 ml of 0.1% 
trifluoroacetic acid. The mixture was incubated on ice 
for 22 hours. At that time, the reaction was adjusted 
to a final concentration of 50 mM Tris by the addition 
of 1 M tris-HCl, pH 7.5. The reaction mixture was 
incubated on ice for 1 hour. The sample was subjected 
to analytical and preparative HPLC as described in 
Example 8. After preparative HPLC and lyophilization, 
37 mg of PEG dimer was recovered. The theoretical yield 
20 ^^^^ experiment was 55 mg based on a calculated mass 

of 7600 mg/mmol for a yield of 68% (Table I). 
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EXAMPLE 5 

PEG dimeriz ation of Deptide Ac-GGTYSCHFGPLTWVCKPOGG 
- (SEQ ID NO: 20^ 

The modification of peptide (SEQ ID NO: 20) 
was carried out by resuspending 10.5 mg (0.0031 nunol) of 
polymer in 2.5 ml PBS at pH 7.5, and adding a ca. 3 fold 
molar excess of peptide (SEQ ID NO: 20) (0.0094 raraol, 20 
mg, MW 2133) dissolved in 0.25 ml of 0.1% 
trifluoroacetic acid and the mixture incubated at 4*0 
for 28 hours. At that time, the reaction as monitored 
by HPLC was estimated to be approximately 30% complete, 
the temperature was shifted to ambient and an additional 
27 hour incubation provided no net increase in product. 
Because of possible hydrolysis of the reactive polymer, 
an additional 5 mg of polymer was added and the 
incubation was continued for an additional 16 hours. At 
that time, 0.25 ml of 1 M tris-HCl, pH 7.5 was added and 
the reaction mix was incubated at 4'»C for an additional 
1 hour. The sample was subjected to analytical and 
preparative HPLC using a flatter gradient system as 
described in Example 8. The main preparative reaction 
product peak eluting at ca 48 minutes. After 
preparative HPLC and lyophilization, 10.4 mg of PEG 
dimer was recovered. The theoretical yield for this 
experiment was 34.4 mg based on a calculated mass of 
7650 mg/mmol for a yield of 30% (Table I). 
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EXAMPLE 7 

PEG dimerization of peptide ( SEQ ID NO: 18) 

The modification of peptide (SEQ ID NO: 18) 
was carried out by resuspending 1.2 mg (0.00036 nunol) of 
polymer in 0.5 ml PBS at pH 7.5, and adding a ca. 3 fold 
molar excess of the peptide (0.0011 mmol, 1.5 mg, MW 
2177) dissolved in 0.05 mi of 0.1% trif luoroacetic acid. 
The mixture was incubated on ice for 20 hours. At that 
time, 0.1 ml of 1 M tris-HCl at pH 7.5 was added. The 
react.ion mixture was incubated at 4''C for 1 hour. The 
sample was subjected to purification using an analytical 
HPLC system as described in Example 8. The main 
reaction product peak eiuted at ca 3 8 minutes. After 
preparative HPLC and lyophilization, 1 mg of PEG dimer 
was recovered. The theoretical yield for this 
experiment was 2.2 mg based on a calculated mass of 6150 
mg/mmol for a yield of 45% (Table l). 
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minutes . The major product peak eluting at 48 mir.utes 
was collected and lyophilized (Figure 2), These elution 
conditions were subsequently modified to improve the 
resolution of some conjugation products peptide (SEQ ID 
NO: 20), mPEG-peptide (SEQ ID NO: 8), peptide (SEQ ID 
NO: 14) from reaction by products. This was 
accomplished by application of a flatter linear gradient 
of 20-80% B over 60 minutes. The variation in retention 
time due to different peptides and elution condition is 
described as part of each synthesis example. The 
materials recovered from the main product peak from each 
reaction were subsequently analyzed by analytical 
reverse phase HPLC, MALDI-TOF mass spectrometry, EPO 
competitive binding potential and for in vitro 
bioactivity. 

The activated PEG used in these experiments 
has an approximate molecular weight of 3400 and has 
amine reactive succinimidyl groups on either end of the 
dtfunctional linear polymer. This reactivity was 
employed to couple two equivalents of peptide (SEQ ID 
NO: 8) (MW» 2092) to the polymer with the concomitant 
liberation of two succinimidyl moieties resulting in a 
dimeric product as shown in Scheme I. Peptide (SEQ ID 
HO: 8) contains two potentially reactive amines, one at 
the N-terminus of the peptide and one in the side chain 
of the single lysine within the peptide sequence, so 
that a number of different connectivities between the 
two molecules was possible. 

MALDI-TOF mass spectral analysis was 
supportive of the presence of the expected ciimeric 
product (Figure 3) as indicated by a predominant species 
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1 

EXAMPLE 9 

EBP fEPO Binding Protein ^ Dimerisation 



This example demonstrates the interaction of 
peptide (SEQ ID NO: 8), peptide (SEQ ZD NO: 16), peptide 
(SEQ ID NO: 18) and peptide (SEQ ID NO: 13) with EPO 
binding protein (EBP) using a bifunctional sulphydryl 
reactive crosslinker, (l,4-Di-[3*- 
( 2 ' -pyridyldithio)propionamido ) butane DPDPB. 

To explore the interaction of peptide (SEQ ID 
NO: 8) with EBP, a bifunctional sulphydryl reactive 
crosslinker (DPDPB) was used in an attempt to stabilize 
a mimetic dependent dimeric structure. Control 
experiments demonstrated that the crosslinker does not 
inactivate the EPO binding potential of EBP or the 
proliferative properties of peptide (SEQ ID NO: 8). As 
shown in Figure 4, a dimeric EBP product was formed by 
co-incubation of the peptide, peptide (SEQ ID NO: S), 
OPDFB and EBP. This data shows the ability of the 
peptide (SEQ ID NO: 8) to mediate formation of a soluble 
receptor dimer. To further explore this question, 
peptides (SEQ ID NO: 13), (SEQ ID NO: 15) and (SEQ ID 
MO: 18) were examined for their ability to mediate 
dimerization . As shown in Figure 4, lanes 7A and SAf 
when peptide (SEQ ID NO: 13) was truncated at the 
carboxyl terminus , it retained good in vitro bioactivity 
and improved in vivo bioactivity, resulting in a 
crosslinking signal similar to peptide (SEQ ID NO: B). 
However, peptide (SEQ ID NO: 18) did not appear to 
stabilize the dimerization signal (Figure 4, lanes 9A 
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EXAMPLE 10 

IMMOBILIZED EBP BASED f.^^^IIEPG COMPETITION BINDING 
ASSAY 

This "study examined the binding capacity of 
the EPO PEG dimers to bind EPO receptors. 

The extracellular domain of the human 
erythropoietin receptor (EPO binding protein, EBP) was 
expressed and overproduced in E. coli . As with many 
Other recombinant eukaryotic proteins produced in E. 
coli, the protein appeared as an insoluble product in 
laboratory scale fermentations and was refolded and 
purified to obtain active protein. EPO binding protein 
produced by this method contains one free sulfhydryl 
group which can be modified without effecting the 
solution phase binding of ligand. In order to 
immobilize the EPO binding protein for equilibrium 
b'lnding analysis and for competition binding assay, the 
EPO binding protein was covalently attached to agarose 
beads . 

The iodoacetyl activation chemistry of 
Sufolink beads (Pierce Chemical Co, Rockford, IL) is 
specific for free thiols and assures that the linkage la 
not easily reversible. EBF-Sulfolink beads were made as 
follows: SulfoLink gel suspension (10 ml) was mixed with 
of coupling buffer (40 ml: 50 mM Tris, pH 8.3, 5 mM 
EDTA) and the gel was allowed to settle. The 
supematanr was removed and the EPO binding protein 
(0.3-1 mg/ml in coupling buffer) to be bound was added 
directly to the washed beads. The mixture was rocked 
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washes were passed through the pipet tip and collected 
for determination of the free EPO concentration. 
Equilibrium binding analysis of the specific association 
of ['•"I]EPO with EPO mimetic binding proteins 
immobilized on these agarose beads indicates a Kd of 5 
nM ± 2 based on a linear transformation (Scatchard) of 
the binding isotherm (Figure 5). 

Competitive binding analysis assays of 
candidate peptides and dimer peptides were performed as 
outlined below. Individual peptides were dissolved in 
DMSO to prepare a stock solution 1 mM. Oimer peptides 
were contained within PBS at a concentration of 5 mM. 
All reaction tubes (in duplicate) contained 50 of EBP 
beads, 0.5 nM [^^''IlEPO and 0-500 i^M peptide in a total 
of 500 tiL binding buffer. 

The final concentration of DMSO was adjusted 
to 2.5% in all peptide assay tubes. At this 
concentration DMSO has no detectable effect since an 
examination of the sensitivity of the assay to DMSO 
demonstrated that concentrations of up to 25% DMSO (V/V) 
had no deleterious effect on binding. Non-specific 
binding was measured in each individual assay by 
inclusion of tubes containing a large excess of 
unlabelled EPO (1000 nM) . Initial assay points with no 
added peptide were included in each assay to determine 
total binding. Binding mixtures were incubated 
overnight at room temperature with gentle rocking. The 
beads were then collected using Micro-coliuins (Isolabr 
Inc. ) and washed with 3 mL of wash buffer. The columns 
containing the washed beads were placed in 12 x 75 mm 
glass tubes and bound radioactivity levels determined in 
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TABLE II 



Ttbie IL Binding ind Cell Preltfcniien Studies 
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After a 42 hr incubation at SVC (ca. 2 cell doublings) 
iMCi/well of [^H] thymidine was added and the incubation 
continued for 6 hr at which time the cells were 
harvested and counted to assess ( ^H] thymidine 
incorporation as a measure of cell proliferation. 
Results are expressed as the amount of peptide or dimer 
peptide necessary to yield one half of the maximal 
activity obtained with recombinant EPO. 

As shown in Figure 5 and Table II, the initial 
lot of PEG-peptide ( SEQ ID NO: 8) dimer demonstrated 
EDao values of 0.01 pm and 0.0015 m in EPO responsive 
cell lines containing the murine or human EPO receptor, 
respectively. In both ceil lines, the parent peptide, 
peptide (SEQ ID NO: 8), demonstrated an EDao of 0.1 iM, 
indicating an increase in potency of 10 fold in the 
murine receptor line and almost 60 fold in the human 
receptor containing cells. Thus, the dimer was clearly 
more potent in murine and human lines than the peptides 
themselves. This was confirmed by generation of a 
second synthesis lot of PEG-peptide (SEQ ID NO: 8) dimer 
which resulted in a 10 and 45 fold increase in potency 
in the murine and human lines, respectively. Polymer 
alone, which was inactivated by treatment with Tris-HCl, 
demonstrated no activity in the cell proliferation 
assay. 

A second EPO mimetic peptide, peptide (SEQ ID 
NO: 13), with the sequence GGTYSCHFGPLTWVCKPQ , was also 
subjected to a similar PEG dimerization protocol as that 
described above for peptide (SEQ ID NO: 8). The dimer 
product of PEG-peptide (SEQ ID NO: 13) is also nore 
active than the unconjugated parent compound (Table II). 



wo 96/40772 



PCTAJS96/09469 



-47- 

■ EXAMPLE 12 

To further examine the connectivity of the 
peptides of the present invention to PEG, peptide 
^ molecules, which contained only an internal lysine group 
were used peptide (SEQ ID NO: 8) analog acetylated at 
the N-tertninus peptide (SEQ ID NO: 20) and a sequence 
analog peptide (SEQ ID NO: 14) which only had a reactive 
N-terminal amine were PEG dimerized. In vitro 
proliferation data of these compounds suggest that 
potential dimerization through the free amino terminus 
has the most profound effect on bioactivity giving rise 
to a species about 80 fold more active than the 
monomeric parent peptide (SEQ ID NO: 14) dimer. 
Conjugation through the lysine side chain had no real 
effect on activity peptide (SEQ ID NO: 20) as did mono- 
PEG or di-PEG conjugation (Table III). This data 
indicates that the creation of a head to head dimer 
(both peptides attached through the N-terminus) using a 
PEG linker greatly enhances the potency of EPO peptides 
and approaches a level almost two logs greater than the 
free parent peptide- Further, this effect was not 
observed upon simple covalent attachment of linear PEG 
to peptide (SEQ ID NO: 8) indicating that dimerization 
^5 13 a critical determinant for this increased activity. 
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EXAMPLE 13 

Polycythemic Exhvposic Mouse Bioassay . 

This study demonstrates the ability of peptide 
(SEQ ID NO: 8) /PEG-dimers to retain in vivo bioactivity. 
Peptides were assayed for in yjvo activity in the 
polycythemic mouse bioassay adapted from the method 
described by Cotes and Bangham (1961), Nature 191: 1065- 
1067. BDFl mice were allowed to acclimate to ambient 
conditions for 7-10 days. Body weights were determined 
for all animals. Low weight animals (<15 grams) were 
not used. Mice were introduced to hypobaric chambers 
with a 24 hour conditioning cycle consisting of 0.40% 
+/- 0.02 atm. for 18 hours followed by 6 hours at 
ambient pressure for a total of 14 days. Following the 
14 day period, mice were placed in ambient pressure for 
72 hours prior to dosing. Test samples or recombinant 
Human Erythropoietin (rHuEPO) standards were diluted in 
an assay vehicle consisting of Phosphate Buffered Saline 
(PBS)-0.1» Bovine serum Albumin (BSA) . Peptide sample 
stock solutions {excluding peptide dimers) were first 
solubilized in dimethyl sulfoxide (DMSO) . Control 
groups included one group of vehicle alone, and one 
group of (DMSO) at final concentration of 1%. 

Each dose group contained 10 mice. Mice were 
injected subcutaneous ly (scruff of neck) with 0.5 mi of 
the appropriate sample. Forty eight hours following the 
sample injection, the mice were administered an 
30 intraperitoneal injection of 0.2 ml of ['•Fel 
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EXAMPLE 14 

This example shows that an inactive truncation 
analog of peptide (SEQ ID NO: 8), which lacks the 
critical tyrosine peptide (SEQ ID NO: 18)/ 
(SCHFGPLTWVCK) , can be converted to an agonist on the 
human EPO receptor cell line by PEG dimerization. In 
this experiment, a 10-' M concentration of the parent 
peptide had no activity above background while the 
dimeric peptide exhibited a level of proliferation twice 
as many cpm as background. As shown in Figure 8, the 
peptide alone ( open squares ) did not induce 
proliferation of the EPO responsive cells but upon PEG 
dimerization (open diamonds) a significant agonist 
effect was observed. Approximately twice as many cpm 
incorporated over non-stimulated cells at 10-' M added 
peptide dlmer. The replicate error bars represent the 
standard deviaHion of three assay points per 
concentration of peptide or peptide dimer. 
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^ refrigerated centrifuge. The supernatant was removed, the ceil 

pellet resuspended in 100 ^1 of binding buffer, and the cell 
suspension layered onto 0.7 ml of bovine calf serum. The c\ibes were 
centrifuged at 12,000 rpm for 5 min at 4*C, the supernatant was 

5 removed, the bottom of the tubes snipped off, and the cell pellets 

counted in a Miczomedie ME plus ganna counter. Non-specific binding 
was determined by incubating cells with [1251-EPO and a IOC- fold 
excess of non- radioactive EPO. These data demonstrate increases in 
apparent binding competitive affinity of 3.0 fold, 3.2 fold and 80 
fold for peptides BMJ 61233, RWJ 61596 and RWJ 61718, respectively 
(Table 2) . In vivo proliferation studies with these peptides and 
their dimer derivatives reveal increases in potency of ea. 50 fold, 
10 fold and 80 fold, respectively, indicating that the magnitude of 
increased binding affinity is exceeded by the functional potency of 
the peptide for two of the three species. Thus, the effect of 
15 dimerization and sxibsequent increase in activity may be one in which 

the efficiency of receptor stimulation is improved by limiting the 
lateral diffusion of the receptors away from a binding event. 
Peptide dimerization therefore likely results in entropic rather 
than enthalpic gains upon mimetic ligand- receptor association for 
seme peptide dimer sequences. 

20 

Unlike the EB9-b«ad EPO competitive binding assay where peptide 
dimerization negatively impacted the ability of PEG dimer peptides 
to compete for receptor binding, the ability to compete for cell 
associated receptors is increased by dimerization. This may be due 
25 to the ability of the cell associated receptor to dimerize while the 

iBBBobilized EBP monomer likely cannot. 

Conversion of inactive to active peptide BWJ 61177 tias further 
studied. An improved and expanded study was performed which 
confirmed our earlier observation of conversion to an active peptide 
3^ (Figure 6, Panel D) . 
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TABLE V. EPO COMPETmVE BINDING ANALYSIS OF CELL ASSOCIATED 
RECEPTORS 



Compound ICso (kiM) 



RWJ 61233 (seq ID #8) 3.8 

SAP2/61233, covalent dimer . 0.28 
RWJ 61718 (seq ID#14) 18 

S AP2/6 1718, covalent dimer 0.07 
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c) FEATURE : 

(A) NAME/KEY: Peptide 

bromobucyric acid or Hoc; XaalPQs2) can R.H.L or "'^'^JJJ^, 
ZZ^ Ko M P 1-15- T. xaalPos6) can be any one of tbe 20 L-amino acia. 
S^the sterloiiimStc D-amino acids ; Xaa I Pos9 ) can be D E.I.L or 
? 2d SITISsloT cLi be C.A,a-ama.no.T-bromobutyric acid or Hoc. 
pro??d^^reit:her Xaa(Posl) or Xaa(PosiO) is C or Hoc- 

.i) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

.aa Xaa Xaa Gly Pro Xaa Tlxr Trp Xaa Xaa 
5 1° 



irORMATlON FOR SEQ ID NO: 2; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

ii) MOLECULE TYPE: pepcide 



ix) FEATURE; 

(A] NAME/KSY; Pepcide 

S! S?^'So^SoN: /not:e= »Xaa(Pos2) and ^^^f 

ofSe 20 L-amino acids: Xaa(Po33) can be C.A.a-amino-T 
SicSoSuryric acid or Hoc; Xaa(Pos4) c^ be R . H L J^W^J^^J^f^ 

can be M^F or I; Xaa(Posll) can be ;x^.ted cSa' 

^ be c.A,a-amino-T-broniobucyric acid or Hoc, provided caac 

either Xaa<Pos3) or xaa(Posi2) i3 c or Hoe 

(Xi) SEQDEHCE DESCRIPTION; SEQ ID N0:2: 
Tyr xaa xaa xaa Xaa Gly Pro xaa Thr Trp Xaa xaa 



INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(CI STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECdLE TYPE: peptide 
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i) SEQDENCZ DESCRIPTION: SEQ ID NO : 5 : 

aa Tyr Xaa Cys Xaa Xaa Gly Pro Xaa Tlir Trp Xaa Cys Xaa Xaa Xaa 
5 10 IS 



FORMATION FOR SEQ ID NO : 6 : 

i) SEQXIZNCS CHARACrSRlSTICS: 

(A) LENGTH: 16 amino acids 

(B) TTPZi amino acid 

(C) STSANDEDNESS : single 

(D) TOPOLOGY: linear 

.1) MOLECULE T7PE: pepcide 

jc) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1 . . IS 

(D) OTHER INFORMATION: /noce« "Xaa(Posl) can be D,E,L.N,S,T or V; 
Xaa(Pos3) can be A,H,K,L,M,S or T; Xaa(PosS) can be R or H; 
Xaa(Poa6) can be F or M; Xaa(Poa9) can be I.L.T.M or V; 
Xaa(Posl2) can be 0 or V; Xaa(Posl4) can be K.R.S or T; 
Xaa(PoslS) is P and Xaa(Posl6) can be any one of Zh& 20 L-amino 
acids" 

xi) SEQI3ENCE DESOUPTION: SEQ ID N0:6: 

xaa Tyr Xaa Cys Xaa Xaa Gly Pro Xaa Tbr Trp Xaa Cys Xaa Xaa Xaa 
IS 10 15 



NFORMATION FOR SSQ ID NO: 7: 

( i) SEQPai CE CBA RACramSTICS : 

(A) LESGTH: 20 amino acids 

(B) T!rPS: amino acid 

(C) STRANSEDNESS : single 

(D) TOPOLOGY: linear 

;ii) MOLECULE TYPE: pepcide 

;xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 

Gly Gly Leu Tyr Leu Cys Arg Phe Gly Pro Val Thr Trp Asp Cys Gly 
1 S 10 IS 

Tyr Lys Gly Gly 
20 
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ci) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

/al Gly Asn Tyr Met Cys His Phe Gly Pro lie Thr Trp Val Cys Axg 
15 10 15 

Pro Gly Gly Gly 
20 



NFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

ii) MOLECULE TYPE: peptide 
,xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Gly Gly Val Tyr Ala Cys Arg Met Gly Pro lie Thr Trp Val Cys Ser 
IS 10 IS 

Pro Leu Gly Gly 
- 20 



INFORMATION FOR SEQ ID NO; 12: 

(i] SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 

(C) snUOHDEDNESS : single 
(O) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Val Gly Asn Tyr Met Ala His Met Gly Pro lie Thr Trp Val Cys Arg 
15 10 :s 

Pro Gly Gly 



INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENC E CHA RACTERISTICS: 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 



8NS0OCI0: <WO_9a40773A2J.> 



wo 96/40772 



- 63- 



PCT/US9d/09469 



rORMATION FOR SEQ ID NO: IS: 

L) SEQUENCE CHJ^RACTERISTICS : 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
(B) TOPOLOjSY: Linear 

i) MOLECULE TYPE: peptide 

i) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

hr Ser Cys His Phe Gly Pro Leu Thr Trp Val Cys Lys 
5 10 



:FORMATION for SEQ id N0:17: 

,i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

ii) MOLECDLE TYPE: peptide 

x±) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Tvr Cys His Phe Gly Pro Leu Thr Trp Val Cys 
1 S 10 



NFOSMATION FOR SEQ ID NO: IB: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

'.ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Ser Cys His Phe Gly Pro Leu Thr Trp Val Cys Lys 
1 5 10 



INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUOICE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 
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i) MOLECULE TYPE: peptide 

i) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

ly Gly Thr Tyr Arg Cys Ser Met Gly Pro Mec Thr Trp Val Cys Leu 
5 10 15 

ro Met Gly Gly 
20 



:F0RMATI0N for SEQ id N0:22: 

i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

Li) MOLECULE TYPE: peptide 

Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

Gly Gly Met Tyr Ser Cys Arg Met Gly Pro Met Thr Trp Val Cys Gly 
15 10 IS 

Pro Ser Gly Gly 
20 



.N70RMATI0N FOR SEQ ID NO: 23: 

(i) SEQUENCE CEASACTERISTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DSSCRIFTION: SEQ ID N0:23: 

Gly Gly Trp Ala Trp Cys Arg Met Gly Pro lie thr Trp Val Cya Ser 
1 S 10 IS 

Ala His Gly Gly 
20 
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i) SEQUENCE DESCRIPTION: SEQ ID N0:2S: 

Iv Glv AsD Tvx Thr Cys Arg Met Gly Pro Met Thr Trp lie Cys Thr 
^5 10 IS 

J.a Thr Glv Gly 
20 



IFORMATION FOR SEQ ID NO: 27: 

;i) SEQUENCE CHASACTERISTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

ii) MOLECnLE TYPE: peptide 

Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

Gly Gly Asn Tyr Leu Cys Arg Phe Gly Pro Gly Thr Trp Asp Cys Thr 
1 5 10 15 

Gly Phe Arg Gly 
20 



•.NFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LaiGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEmiESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 




Pro Ala Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
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FORMATION FOR SEQ ID NO: 22: 

i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
(O) TOPOLOGY: linear 

.i) MOLECDLE TYPE: peptide 

:i) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

3ly Gly Glu Tyr Lya Cys Arg Met Gly Pro Leu Thr Trp Val Cys Gin 
15 10 15 

ryr Ala Gly Gly 
20 



^FORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

MOLECULE TYPE: peptide 
;xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

Gly Gly Asp Tyr Thr Cys Arg Met Gly Pro Met Thr Trp lie Cys Thr 
1 5 10 IS 

Ala Thr Arg Gly 
20 



INFORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTE: 20 amino acids 

(B) TYPE: eunino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

i] MOLECULE TYPE: peptide 

i) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 

ly Gly Asn Tyr lie Cys Arg Mec Gly Pro Met Tiir Trp Val Cys Thr 
5 10 IS 

la His Gly Gly 
20 



FORMATION FOR SEQ ID NO :3a: 

.i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

ii) MOLECULE TYPE: peptide 

xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 

Gly Gly Asp Tyr Leu Cys Arg Met Gly Pro Ala Thr Trp Val Cys Gly 
1 - S 10 15 

Arg Met Gly Gly 
20 



INFORMATION FOR SEQ ID NO:39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
(O) TOPOLOGY: linear 

(ii) MOLECOLE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 

Gly Gly Leu Tyr Leu Cys Arg Phe Gly Pro Val Thr Trp Aap cvs Gly 
1 5 10 13 

Tyr Lys Gly Gly 
20 
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) SEQUENCE DESCRIPTION: SEQ ID NO: 42: 

y Gly Thr Tyr Ser Cys His Phe Gly Pro Leu Thr Trp Val Cys Lys 
5 10 IS 

•o Gin Gly Gly 
20 



'ORMATION FOR SEQ ID NO: 43: 

L) SEQUENCE CH2UIACTERISTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

i) MOLECULE TYPE: pepcide 

i) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 

;ly Gly lie Tyr Lys Cys Leu Met Gly Pro Leu Thr Trp Val Cys Thr 
5 10 IS 

'ro Asp Gly Gly 
20 



TFORMATION FOR SEQ ID NO: 44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRAMDEDNESS : single 

(D) TOPOLOGY: linear 

ii) MOLECOLE TYPE: peptide 

Xi) SEQUENCE DESCRIPTION: SEQ ID NO; 44: 

Gly Gly Leu Tyr Ser Cys Leu Met Gly Pro lie Thr Trp Leu Cys Lys 
1 S 10 IS 

Pro Lys Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
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FORMATION FOR SEQ ID NO: 48: 

i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

.i) MOLECULE TYPE: peptide 

:i) SEQUENCE DESCRIPTION: SEQ ID NO: 48: 

31y Gly Lys Tyr Leu Cys Ser Phe Gly Pro lie Thr Trp Val Cys Ala 
L 5 10 IS 

\rg Tyr Gly Gly 
20 



NFORMATION FOR SEQ ID NO: 49: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
(S) TOPOLOGY: linear 

;ii) MOLECULE TYPE: peptide 

{Xi) SEQUENCE OESCRIPTZON: SEQ ID NO: 49: 

Gly Gly Leu Tyr Lys Cys Arg Leu Gly Pro lie Thr Trp Val Cys Ser 
15 10 is 

Pro Leu Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 50: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 sunino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(C) STRAND EDNESS : sincle 

(D) TOPOLOGY: linear 

.i) MOLECULE TYPE; peptide 

:i) SEQUENCE DESCRIPTION: SEQ ID NO: 53: 

Sly Gly Leu Tyr Glu Cys Arg Met Gly Pro Met Thr Trp Val Cys Arg 
i. 5 10 IS 

Pro Gly Gly Gly 
20 



^FORMATION FOR SEQ ID NO: 54: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

ii) MOLECULE TYPE: peptide 
:xi) SEQUENCE DESCRIPTION: SEQ ID NO: 54: 

Gly Gly Asp Tyr Thr Cys Arg Met Gly Pro lie Thr Trp lie Cys Thr 
IS 10 15 

Lys Ala Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 55: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55: 

Gly Gly Val Tyr Ser Cys Arg Met Gly Pro Thr Thr Trp Glu Cys Asn 
IS 10 IS 

A:."3 Tyr Val Gly 
20 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

i) MOLECULE TYPE: pepcide 

i) SEQUENCE DESCRIPTION: SEQ ID NO: SI: 

ly Gly Val Tyr Lys Cys Arg Met Gly Pro Leu Thr Trp Glu Cys Arg 
5 10 IS 

ro Thr Gly Gly 
20 



rFORMATION FOR SEQ ID NO: 62: 

,i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 20 amino acids 

(B) TYPE: amino acid 

(C) STRANCEDNESS : single 

(D) TOPOLOGY: linear 

ii) MOLECULE TYPE: peptide 

Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 62: 

Gly Gly Asp Tyr Aan Cys Arg Phe Gly Pro Leu Thr Trp Val Cys Lys 
15 10 15 

Pro Ser Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 63: 

( i ) SEQUENCE CH ARACTERI STI CS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
(O) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 63: 

Gly Gly Ser Tyr Leu Cys Arg Phe Gly Pro Thr Thr Trp Leu Cys ^i*r 
1 S 10 13 

Ser Ala Gly Gly 
20 
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i) SEQUENCE DESCRIPTION: SEQ ID NO: 66: 

Iv Gly T-p Val Thr Cys Arg Met Gly . Pro lie Thr Trp Val Cys Gly 
5 10 15 

al His Gly Gly 
20 



IFORMATION FOR SEQ ID NO: 67: 

;i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TyPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

ii) MOLECULE TYPE: peptide 

xi) SEQUENCE DESCRIPTION: SEQ ID NO: 67: 

Glv Gly Gin Leu Leu Cys Gly He Gly Pro He Thr Trp Val Cys Arg 
2. ■ S 10 IS 

Trp Val Gly Gly - 
. 20 



INFORMATION FOR SEQ ID NO: 68: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: IJLnear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCSaFTION: SEQ ID NO: 68: 

Gly Gly Lys Tyr Ser Cys Phe Met Gly Pro Thr Thr Trp Val Cya 



Pro Val Gly Arg Gly Val 
20 



mFORMATION FOR SEQ ID NO:.69: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
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FORMATION FOR SEQ ID NO: 80: 

i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOCSY: linear 

-i) MOLECULE TYPE: peptide 

Ci) SEQUENCE DESCRIPTION: SEQ ID NO: 80: 

31y Gly Lys Tyr Tyr Cys Trp Met Gly Pro Met Thr Trp Val Cys Ser 
L 5 10 IS 

Pro Ala Gly Gly 
20 



^FORMATION FOR SEQ ID NO: 81: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

;ii) MOLECULE TYPE: peptide 

:xi) SEQUENCE DSSCRZPTION: SEQ ID NO: 81: 

Gly Gly Tyr Val Met Cys Arg lie Gly Pro He Thr Trp Val Cys Asp 
15 10 15 

He Pro Gly Gly 
20 



nTFOXZMATIOH FOR SEQ ID NO: 82: 

(i) SEQUENCE CBARACTERZSTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(C) STRANDEDNESS ; single 

(D) TOPOLOGY: linear 

Li) MOLECULE TYPE: peptide 

SEQUENCE DESCRIPTION: SEQ ID NO:SS: 

31y Gly Leu Tyr Ala Cys Arg Mac Gly Pro lie Thr Trp Val Cys Lys 
15 10 IS 

Tyr Met Ala Gly 
20 



NFORMATION FOR SEQ ID NO 186: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 86: 

Gly Gly Gin Tyr Leu Cys Thr Phe Gly Pro lie Tlir Trp Leu Cys Arg 
15 10 IS 

Gly Ala Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 87: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECOLE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 87: 

Gly Gly Val Tyr Ala Cys Arg Met Gly Pro He Thr Trp Val CVs Ser 
1 5 10 --a 

Pro Leu Gly Gly 
20 
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.) SEQUENCE DESCRIPTION: SEQ ID NO: 90: 

'y Gly Asn Tyr Tyr Cys Arg Phe Gly Pro lie Thr Phe Glu Cys His 
S 10 15 

ro Thr Gly Gly 
20 



FORMATION FOR SEQ ID NO: 91: 

i) SEQUENCE CHAEACTERISTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

.i) MOLECULE TYPE: peptide 

:i) SEQUENCE DESCRIPTION: SEQ ID NO: 91: 

31y Gly Glu Tyr Leu Cys Arg Mec Gly Pro Asn Thr Trp Val Cys Thr 
L 5 10 15 

Pro Val Gly Gly 
. 20. 



NFORMATION FOR SEQ ID NO: 92: 

(i) SEQUENCE CHARACTHRISTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRAXIDEDNESS : single 

(D) TOPOLOGY: linear 

ii) MOLECDLE TYPE: peptide 
:xi) SEQUENCE DESCRIPTION: SEQ ID NO: 92: 

Gly Gly Leu Tyr Thr Cys Arg Met Gly Pro lie Thr Trp Val Cys 
- e 10 —3 



Pro Ala Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 93: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
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(C) 37RANDEDNESS : single 
(Dl TOPOLOGY: linear 

ii) MOLECULE TYPE: peptide 

Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 69: 

Gly Gly Trp Val Tyr Cys Arg He Gly Pro He Thr Trp Val Cys Asp 
1 5 10 15 

Thr Asn Gly Gly 
20 



:NF0PJ1ATI0N for SEQ id NO:70: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRftNEEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 70: 

Gly Gly Met Tyr Tyr Cys Arg Met Gly Pro Met Tlir Trp Val Cys Lye 
1 . S 10 IS 

Gly Ala Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 71: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRAZIDEDNESS : single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: pepcide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 71: 

Glv Gly Thr Thr Gin Cys Trp He Gly Pro He Thr Trp Val Cys Arg 
1 S 10 IS 

Ala Arg Gly Gly 
20 
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) SEQUENCE DESCRIPTION: SEQ ID NO: 74: 

y Gly Asn Tyr Thr Cys Arg Phe Gly Pro Leu Thr Trp Glu Cys Thr 
5 10 IS 

o Gin Gly Gly Gly Ala 
20 



•QRMATION FOR SEQ ID NO: 75: 

.) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 eunino acids 

(B) TYJE: amino acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : linear 

L) MOLECULE TYPE: peptide 

i) SEQUENCE DESCRIPTION: SEQ ID NO: 75: 

ly Gly Ser Trp Asp Cys Arg He Gly Pro He Thr Trp Val Cys Lys 
5 10 IS 

rp Ser Gly Gly 
20- 



IFORMATION FOR SEQ ID NO: 75: 

;i} SEQUENCE CHASACTERXSTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEXOIESS : single 

(D) TOPOLOGY: linear 

ii) MOLECDLE TYPE: peptide 

xi) SEQUENCE DESCRIPTION: SEQ ID NO: 76: 

Val Gly Asn Tyr Met Cys His Phe Gly Pro lie Thr Trp Val Cys Arg 
1 5 10 15 

Pro Gly Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 77: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
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20 



25 



30 



-n- 



agonist, insulin agonist, IL-3 agonist, IL-5 agonist, 
IL-6 agonist or IL-2 agonist. 

20. The method of Claim L5 or 16 wherein said 
agonist comprises a sequence o£ amino acids 
YX3X3X.»X„GPX«TWX,Xe/ (SEQ ID NO: 2) wherein each of X, 
and X« is independently selected from any one of the 20 
genetically coded L-amino acids; Xa is C; is R, H, L 
or W; Xs is M, F or 1; X, is D, E, I, L or V; and X« is 
C. 

21. The method of Claim 15 or 16 wherein said 
agonist comprises a sequence of amino acids 
XiYX,X3X^XsGPX«TWX,XeX,X,oXir (SEQ ID NO: 3) wherein 
each of Xi« Xa/ X«, X,, Xi.o« and X^i. is independently 
selected from any one of the 20 genetically coded L- 
amino acids; Xa is C; X4 is R, H, L or W; X9 is M, F or 
I; X7 is D, C, I, L or V; and X. is C. 

22. The method of Claim IS or 16 wherein said 
agonist comprises a sequence of amino acids 
XiYxXaXaX«XaGFX«TWX,X«X»XioXii (SEQ ID NO: 3) wherein 
each of Xx, Xa and X^x is independently selected from 
any one of the 20 genetically coded L-amlno acids; X, is 
C; X* is R or H; X, is F or M; X« is I, L, T, M or V; 

is 0 or V; X, is G, Kr L, Q, R, S, or T; and X^o is A, 
G, P, Rr or Y. 

23. The method of Claims 15 or 16 wherein said 
agonist comprises a sequence of amino acids 
XiYXaXaX^XsGPX«TWX,X.X,XxoXii (SEQ ID NO: 3) wherein X^ 
is D, E, L, N, S, T or V; X, is A, H, K, L, M, S, or T; 
Xs is C; X.» is R or H; X, is M, F or I; X<| and X,x are 
independently any one of the 20 genetically ceded L' 



35 
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29. The method of Claim 28 wherein said 
antagonist comprises a sequence of amino acids 
(AX',)„X3X*X,GPX«TWX,Xe ( SEQ ID NO: 19) wherein X« is 
selected from any of the 20 genetically coded L-amino 
acids; X3 is C; X* is R, L or W; X, is M, F or I; X, 
is 0, E, L or V; Xe is C; Xa is selected from any of 
the 20 genetically coded L-amlno acids, n is 0 or 1 and 
A Is any of the 20 genetically coded L-amino acids 
except Y (tyrosine). 

30. The method of Claim 21 where said 
antagonist is SCHFGPLTWVCK (SEQ ID NO: 18). 
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(54)TiUe: AGONIST PEriTDE DIMERS 
(57) Abstract 

The present invention is diitcted to the dimerization of agonists and antagonists of cell surface receptors and particularly to peptide 
dimers which behave as cell suifece receptor agonists in their dimeric form. Such receptors belong to the dimetization-mediated activation 
class often observed among recepton for growth and differentiation factors. The agonists of this class of receptors is understood to effect 
dimeiization of the receptor and thus signal initiation. The present invention exemplifies dimers of erythropoietin (EPO) agonists and 
antagonists comprising a core amino acid sequence of X3X«X5GPX6TWX7X8 (SEQ ID NO: 1) wherein each amino acid is indicat«l by 
standard one letter abbreviation; X3 can be C, A, a-amino-or-bromobutyric add or Hoc; X4 can be R, H. L or W; X5 can be M, F. or 1; X« 
is idependently selected from any one of the 20 genetically coded L-amino acids or the stereoisomeric D-amino acids; X7 can be D. E. I. 
L or V; and ^ can be C, A. o-amino-7-bromobutyric acid or Hoc, provided that either X3 or Xg is C or Hoc. 
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AGONIST PEPTIDE DIMERS 
FIELD OF THE IWVENTIOW 

The present invention is directed to the 
dimerization of agonists and antagonists of cell surface 
receptors and particularly to peptide dimers which 
behave as cell surface receptor agonists in their 
dimeric form- Such receptors belong to the 
dimerization-mediated activation class often observed 
among receptors for growth and differentiation factors. 
The agonists of this class of receptors is understood to 
effect dimerization of the receptor and thus signal 
initiation. The present invention exemplifies dimers of 
erythropoietin (EPO) agonists and antagonists comprising 
a core amino acid sequence of XaX^XsGPX^TWX-rXa (SEQ ID 
NO: 1) wherein each amino acid is indicated by standard 
one letter abbreviation; X3 can be C, A, a-amino— 
bromobutyric acid or Hoc; X« can be R, H, L or W; X9 can 
be M, F, or I; X« is independently selected from any one 
of the 20 genetically coded L-amino acids or the 
stereoisomeric D-amino acids; Xt can be 0, E, I^ L or V; 
and Xa can be C, A, a-amino-Y~bramobutyric acid or HoCr 
provided that either or Xa is C or Hoc. 

BACKGROUHD OF THE INVENTION 

Erythropoietin (EPO) is a glycoprotein hormone 
with an approximate molecular weight of 34^000 daltons. 
The primary role of EPO, which is synthesized in the 
kidneys of mammals, is to stimulate mitotic cell 
division and differentiation of erythrocyte precursor 
cells. As a result, EPO acts to stimulate and to 
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Claus-Walker et al . (1984) Arch . Phvs . Med . Rehabil . 
65:370-374); space flight (See, Dunn et al. (1984) Eur . 
J. Appl . Physiol . 52:178-182); acute blood loss ( See , 
Miller et al. (1982) Brit . J. Haematol . 52:545-590); 
aging ( See , Udupa et al. (1984) J. Lab. Clin . Med . 
,103:574-588); various neoplastic disease states 
accompanied by abnormal erythropoiesis ( See , bainiak et 
al. (1983) Cancer 5:1101-1106); and renal insufficiency 
( See , Eschbach et al. (1987) N. Eng. J. Med. 316 : 73-78) . 

Although purified, homogenous EFO has been 
Characterized, little is known about the mechanism of 
EPO- induced erythroblast proliferation and 
differentiation. The specific interaction of EPO with 
progenitor cells of immature red blood cells, platelets, 
and megakaryocytes has not been described. This is due 
in part, to the small number of surface EFO receptor 
molecules on normal erythroblasts and on the 
erythro leukemia cell lines. See Krantz and Goldwasser 
{1^84) Proc . Natl . Acad . Sci . USA, 81:7574-7578; Branch 
et al. (1987) Blood 69.: 1782-1785 ; Mayeux et al. (1987) 
FEES Letters 211:229-223; Mufson and Gesner (1987) Blood 
69:1485-1490; Sakaguchi et al. (1987) Bioehcm . Bioohys . 
Res . Commun . 146:7-12; Sawyer et al. (1987) Proc . Natl . 
Acad . Sci . USA 84:3690-3694; Sawyer et al. (1987) J. 
Biol . Chem . 262:5554-5562; and Todokoro et al. (1988) 
Proc . Natl. Acad . Sci . USA 84:4126-4130. The ONA 
sequences and encoded peptide sequences for murine and 
human EFO receptor proteins have been described. See, 
D'Andrea et al. PCT Patent Publication No. WO 90/08822 
(published 1990) . 
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dimers have two 'raonomeriC peptide units of 10 to 40 or 
more amino acids, preferably 14 to about 20 residues in 
length, comprising a core amino acid sequence of 
XaX^XsGPXsTWX^Xe ( SEQ ID NO: 1) where each amino acid is 
indicated by standard one letter abbreviation; Xa can be 
C, A, a-amino-Y-bromobutyric acid, or Hoc, where Hoc is 
homocysteine; X* can be R, H, L, or W; X, can be M, F, 
or I; X« is independently selected from any one of the 
20 genetically coded L-amino acids or the stereoisomeric 
D-amino acids; X, can be D, E, I, L, or V; and X, can be 
C, A, o-amino-Y-bromobutyric acid,. or Hoc, where Hoc is 
homocysteine, provided that either X3 or Xe is C or Hoc. 
Preferably, the monomeric peptide unit of the diner 
comprises a core sequence YXaX3X«X,GPX«TWX,X« (SEQ ID 
NO: 2) where each amino acid is indicated by standard 
one letter abbreviation; each X, and X« is independently 
selected from any one of the 20 genetically coded L- 
amino acids; X3 can be C, A, a-amino-Y~bS'0™obutyric 
acid, or Hoc, where Hoc is homocysteine; can be R, H, 
L, or W; Xa can be H, F, or I; X^ can be D, E, I, L, or 
V; and X« can be C, A, a-amlno-y-bromobutyric acid, or 
Hoc, where Hoc is homocysteine, provided that either Xs 
or X« is C or Hoc. 

More preferably, the monomeric peptide unit. o£ 
the dimer conprlaes a core sequence of amino acids 
XxYZ,XaX«X»GPX«THX,X«X,XxeXx^ (SEQ ID NO: 2), where each 
amino acid is indicated by standard one letter 
abbreviation; each Xi, X,, x«, X,, %xot and X^ is 
independently selected from any one of the 20 
genetically coded L-amino acids; Xs can be C, A, a- 
amino-Y-bromobutyric acid, or Hoc, where Hoc is 
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SCHFGPLTWVCK ( SEQ ID NO : IB). 

Other particularly preferred monomeric peptide 
units of the present dimers include oeptides comprising 
a core sequence of the formula (AXa) „X3X«X9GFX«TWXtX« 
(SEQ ID NO: 19) wherein X, through Xe are as previously 
defined herein (SEQ ID NO: 2), n is 1 or 0 and A is any- 
one of the naturally occurring L-amino acids except Y 
(tyrosine); n is. defined herein as the number of 
occurrences of (AXa) which can be 1 or none in the core 
sequence. When (AXa'} is present, i.e. when n = 1, A is 
not tyrosine and A is not any non- naturally occurring 
aromatic amino acid analog. Such monomeric peptide 
units of the dimers of this invention can be prepared by 
truncating the peptides of Fig. 9, for example, from the. 
N-terminus to delete the Y, tyrosine residue in SEQ ID 
NOS. 21 - 93. Such monomeric peptides can also be 
prepared by substitution of Y in position A in the 
peptides of Fig . 9 . 

In accordance with the present invention the 
monomeric units of the dimers can be the same or 
different. 

In a preferred embodiment polyethylene glycol 
(PEG) is employed as a linker to form the dimeric 
peptides of the present invention through a covalent 
bond. 

In another embodiment, the present invention 
is directed to pharmaceutical compositions comprising at 
least one dlmer peptide of the invention and a 
pharmaceutical carrier. 
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Fig. 2 shows a major peak, with a retention 
time of 48 minutes, following purification of the 
dimerized EPO peptide, (SEQ ID NO: 8). 

Fig. 3 depicts the MALDI-TOF mass spectral 
analysis of the dimerized peptides, including peptide 
(SEQ ID NO: 8), GGTYSCHFGPLTWVCKPQ (SEQ ID NO.: 13) and 
SCHFGPLTWVCK (SEQ ID NO: 18) . 

Fig. 4 shows the SDS-PAGE analysis of DPDPB 
crosslinking of EPO binding protein (EBP) in the 
presence and absence of EPO agonist peptides. 

Fig. 5 demonstrates equilibrium EPO binding to 
immobilized EPO binding protein. Panel A represents the 
equilibrium binding data and Panel B. (inset) is the 
linear transformation (Scatchard) of the data set in 
Panel A. 

Fig. 5 depicts the results of a competitive 
binding assay run on the EPO agonist peptide 
(SEQ ID NO: 8) in competitive binding with ["■'"IJEPO to 
EBP beads (Panel A); and EPO responsive cell 
proliferation studies in FDC-Pl derived cell lines 
containing either a human (Panel B) or murine EPO 
receptor (Panel C). 

Fig. 7 is a graphic representation of the 
results of the exhypoxic mouse bioassay; stimulation of 
the incorporation of [°*Fe] into nascent red blood cells 
by EPOr peptide (SEQ ID NO: 8) (Panel A) and peptide 
(SEQ ID MO: 8) diraer (Panel B) . 

Fig. 8 demonstrates the effect of PEG 
dimerization of peptide (SEQ ID NO: 18) activity in EPO 
responsive cell proliferation studies in FDC-Pl derived 
cell lines containing a human EPO receptor. 
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cell-surface receptors in vitro and in vivo. Such 
receptors include, for example, EPO, GM-CSF, G-CSF, M- 
CSF, GH, EOF, PDGF, VEGF, Insulin and FGF.. Other 
receptors which are activated by heterodimerization or 
raultimerization may also be subject to activation by 
this mechanism including, IL-3, IL-5, IL-6 , IL-2 and 
TPO. The dimers of the present invention have two 
'monomeriC peptide units of 10 to 40 or more amino 
acids, preferably 14 to about 20 amino acid residues in 
length. In a preferred embodiment, these monomeric 
peptide units comprise a core sequence of amino acids 
X3X*XaGPX«TWX,Xe (SEQ ID NO: 1) where each amino acid is 
indicated by standard one letter abbreviation; can be 
C, A, a-amino-Y-bromobutyric acid, or Hoc, where Hoc is 
homocysteine; X« can be R, H, L, or W; X, can be M, F, 
or I; X« is independently selected from any one of the 
20 genetically coded L-amino acids or the stereo isomeric 
D-amino acids; X^ can be D, E, I, L, or V; and X. can be 
C'Pi, a-amino— y-bromobutyric acid, or Hoc, where Hoc is 
homocysteine, provided that either Xa or X. is C or Hoc. 
Preferably, the monomeric peptide unit of the diaer 
comprises a core sequence YXaXsX^XsGPX.TWX-rXa (SEQ ID 
NO: 2} where each amino acid is indicated by standard 
one letter abbreviation; each X, and X« is independently 
selected from any one of the 20 genetically coded L- 
amino acids; X, can be C, A, a-amino-Y-bromobutyric 
acid, or Hoc, where Hoc is homocysteine; X* can be R, H, 
L, or W; Xa can be M, F, or I; X, can be D, E, I, L, or 
V; and X^ can be C, A, a-amino-Y-bromobutyric acid, or 
Hoc, where Hoc is homocysteine, provided thar rsither X, 
or X« is C or Hoc. 



15 



20 



25 



35 



BNSoaao: <wo_984a772AajA> 



wo 96/40772 



PCT/US96/09469 



-13- 



10 



GGDYHCRMGPLTWVCKPLGG 

VGNYMCHFGPITWVCRPGGG 

GGVYACRMGPITWVCSPLGG , 

VGNYMAHMGPITWVCRPGG 

GGTYSCHFGPLTWVCKPQ 

GGLYACHMGPMTWVCQPLRG 

TIAQYICYMGPETWECRPSPKA 

YSCHFGPLTWVCK 

YCHFGPLTWVC 

SCHFGPLTWVCK 



(SEQ ID NO: 9) ; 
{SEQ ID NO: 10) 
(SEQ ID NO: 11) 
(SEQ ID NO: 12) 
(SEQ ID NO: 13) 
(SEQ ID NO: 14) 
(SEQ ID NO: 'l5 ) 
(SEQ ID NO: 16) 
(SEQ ID NO: 17) 
(SEQ ID NO: 18) 
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The dimer peptides of the present Invention 
exhibit increased biological potency in vitro and in 
vivo relative to the monomeric agonists from which the 
dimers are derived. Moreover, cell surface receptor 
antagonists can be 'converted' to cell surface receptor 
agonists in accordance with the present invention. 
Specifically, a cell surface receptor antagonist can be 
dimer ized with PEG or another appropriate linker which 
permits mutual binding of the monomeric moieties with 
the receptors . As a result , the dimer exhibits 
effective binding to the target receptor and behaves as 
an agonist. Accordingly/ the dimers of this invention 
demonstrare enhanced biological potency in vitro and in 
vivo relative to their monomeric forms. 

The dimer peptides of the present invention 
bind to and biologically activate the cell surface 
receptor or otherwise behave as agonists and are 
preferably formed by employing polyethylene glycol as a 
linker between the monomeric peptide units described 
herein. While other conventional chemical systems can 
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Dimerization and especially pegylation in a 
head- to- head (amino to amino terminus) or head-to-tail 
(amino to carboxyl terminus) configuration is preferred 
relative to internal covaient binding of the monomeric 
peptides. The 'monomer' units of the dimer peptides of 
the present invention can be the same or different, 
although the same are preferred. 

The monomeric peptides which are used to form 
thd diners of the present invention can be prepared by 
classical chemical methods well known in the art- The 
standard methods include, for example, exclusive solid 
phase synthesis and recombinant DNA technology. See , 
e.g. Merrifield (1963) J. Am. Chem . Soc . 85,: 2149. Solid 
phase synthesis is typically commenced from the C- 
terminal end of the peptide using an a-amino protected 
resin. A suitable starting material can be prepared by 
attaching the required a-amino acid to a 
chlororaethylated resin (such as BIO-BEACS SX-1, Bio Rad 
X,aboratories , Richmond, CA) , a hydroxyaethyl resin, 
(described by Bodonszky et al. (1966) Chem . Ir.d . 
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Boc. The side chain protecting groups for Lys include 
Cbz, Z-chlorobenzyloxycarbonyl (2-Cl-Cb2), 2- 
bromobenzyloxycarbcnyl {2-BrCbz), Tos, or Boc. 

After removal of the a-amino protecting group, 
the remaining protected amino acids are coupled stepwise 
in the desired order. Each protected amino acid is 
generally reacted in about a 3- fold excess using an 
appropriate carboxyl group activator such as 2-(lH- 
benxotriazol- 1-yl ) - 1 , 1 , 3 , 3tetramethyluronium 
hexafiuorophosphate (HBTU) or dicyclohexylcarbodiimide 
(DCC) in solution of methylene chloride (CHaCIa)/ or 
dimethyl formamide (DMF) mixtures. 

After the desired amino acid sequence has been 
completed, the desired peptide is decoupled from the 
resin support by treating the mixture with a reagent 
such as trif luoroacetic acid (TFA) or hydrogen fluoride 
(HF) . These reagents not only cleave the peptide from 
the resin, but also cleave all remaining side chain 
protecting groups. When the chloromethylated resin is 
used, hydrogen fluoride treatment results in the 
formation of the free peptide acids. When the 
benzhydrylamlne resin is used, hydrogen fluoride 
treatment results directly in the free peptide amide. 
Alternatively, when the chloromethylated resin is 
employed, the side chain protected peptide can be 
decoupled by treatment of the peptide resin with ammonia 
to give the desired side chain protected amide or with 
an alkylamine to give a side chain protected alkylamide 
or dialkylamide . Side chain protection is then ranoved 
in the usual fashion by treatment with hydrogen fluoride 
to give the free amides, alkylamides, or dialkylamides . 
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flexibility leading to fewer barriers to effective 
receptor interaction and subsequently receptor 
activation. This is also indicated for molecules which 
can bind but not activate a receptor subtype in that 
such molecules can become more effective inhibitors of 
ligand binding. 

The present invention further provides a 
method for altering a cell-surface receptor antagonist, 
a molecule exhibiting receptor binding but no biological 
activity, to behave as a cell-surface receptor agonist 
in vitro or in vivo . This method is achieved by 
dimerizing the antagonist molecule with an appropriate 
linker molecule such as PEG, other polymerized molecules 
or a peptide. In a preferred embodiment, an EPO 
antagonist, i.e. a peptide exhibiting receptor binding 
but no biological EPO activity can be altered by 
dlmerization to obtain a dimer which behaves as an EPO 
receptor agonist. Thus, for example, in the case of 
EPO-R these include the monomeric peptide units of the 
, present dimers comprising a core sequence of general 
formula (AXa) „X3X«XsGPX«TWX.,Xe (SEQ ID NO: 19) wherein 
Xa through Xs are as previously defined herein, in (SEQ 
ID NO: 2), n is 1 or 0 and. A. .is any one of the naturally 
occurring L-amino acids except Y (tyrosine); n is. 
defined herein as the nximber of occurrences of (AXs) 
which can be 1 or none in the core sequence. When Xa is 
present, i.e., when n ' 1, ;^ is not tyrosine and A is 
not any non- naturally occurring aromatic amino acid 
analog. Such monomeric peptide units of the dimers of 
this invention can be prepared by truncating the 
peptides of Fig. 9, for example, from the N-terminus to 
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iodohydroxypheny iaianine , p- f luorohydroxypheny laianine , 
p-amino-hydroxyphenylalanine act as EPO-R monomer 
agonists but substitution with threonine or alanine for 
tyrosine at position Y causes the monomer peptide to act 
as an EPO-R antagonist. However, when dimerized in 
accordance with the present invention, such dizaers 
behave as EPO-R agonists. The monomeric peptide units 
identified at Fig. 9, for example, behave as EPO-R 
antagonists in the absence of tyrosine at position Y of 
the formula above. When such antagonists are dimerzied, 
the dimer behaves as an EPO-R agonist. 

In a further embodiment of the present 
invention, pharmaceutical compositions comprising at 
least one of the dimers of this invention can be 
employed to therapeutically treat disorders resulting 
from deficiencies of biological factors such as EPO, GB, 
GM-CSF, G-CSF, EGF, FDGF, VEGF, insulin, FGF and the 
like. These pharmaceutical compositions may contain 
buffers, salts and other excipients to stabilize the 
composition or assist in the delivery of the dimerized 
molecules . 

In a preferred embodiment, the present 
invention provides a method for treating disorders 
associated with a deficiency of EPO. The method is 
accomplished by administering at least one of the dimers 
identified herein for a time and under conditions 
sufficient to alleviate the symptoms of the disorder, 
i.e. sufficient to effect dlmerization or biological 
activation of EPO receptors. In the case of EPO such 
methodology is useful in the treatment of end-stage 
renal failure/dialysis; anemia, especially associated 
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( nasal, vaginal, rectal, or sublingual) routes of 
administration in dosage forms appropriate for each 
route of administration. 

Solid dosage forms for oral administration 
include capsules, tablets, pill, powders, and granules. 
In such solid dosage forms, the active compound is 
admixed with at least one inert pharmaceutically 
acceptable carrier such as sucrose, lactose, or starch. 
Such dosage forms can also comprise, as it normal 
practice, additional substances other than inert 
diluents, e.g., lubricating, agents such as magnesium 
stearate. In the case of capsules, tablets and pills, 
the dosage forms may also comprise buffering, agents. 
Tablets and pills can additionally be prepared with 
enteric coatings . 

Liquid dosage forms for oral administration 
include pharmaceutically acceptable emulsions, 
solutions, suspensions, syrups, with the elixirs 
containing inert diluents commonly used in the art, such 
as water. Besides such inert diluents, compositions can 
also include adjuvants, such as wetting agents, 
emulsifying cind suspending agents, and sweetening, 
flavoring and perfuming agents . 

Preparations according to this invention for 
parenteral administration include sterile aqueous or 
non-aqueous solutions, suspensions, or emulsions. 
Examples of non-aqueous solvents or vehicles are 
propylene glycol, polyethylene glycol, vegetable oils, 
such as olive oil and com oil, gelatin, and injectable 
organic esters such as ethyl oleate. Such dosage forms 
may also contain adjuvants such as preserving, wetting/ 
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EXAMPLE 1 



SDS-PAGE gels (10-20% gradient SDS-PAG plates, 
84 X 70 X 1.0 nun. Integrated Separation Systems, Natick, 
MA) were stained with Coomasie Brilliant Blue R-250 
(BioRad) . A commercial preparation of activated 
difunctional polyethylene glycol (PEG-succinimidyl- 
propionate, SPA2, MW ca. 3400) was purchased from 
Shearwater Polymers, Huntsville, AL as was the 
raonofunctional reagent, methoxy-PEG-succinimidyl- 
proprionate, MW ca 5000. Peptide (SEQ ID NO: 8) and all 
other peptides were obtained from the Peptide Synthesis 
Facility RWJ-PRI, La Jolla, CA or Quality Controlled 
Biochemical, Hopkinton MA. These peptides were cydized 
via oxidation of their intramolecular cysteines, 
amidated at the C- terminus and mass confirmed by FAB-MS. 
All were Ellman Reaction negative. Tris base was 
obtained from BioRad, Hercules, CA. {DPDFB) and 
trifluoracetic acid {HPLC grade) were obtained from 
Pierce Chemical Co., Rockford IL. 

Mono-PEG conluoation of peptide GGTYSCHFGPLTWVCKPQGG 
(SEQ ID NO; 8) 

This example describes the preparation of 
mono-PEG conjugates of peptide (SEQ ID NO: 8), using the 
monofunctional amine reactive polymer analog m-SPA-PEG 
to be used as a control in experiments described herein. 
The reaction was carried out with polymer in excess (ca. 
a fold) by resuspending 142.5 mg (0.0286 mmol, MW ca. 
5000) of polymer in 4 ml PBS at pH 7.5 and adding 20 eg 
peptide (SEQ ID NO: 8) (0.0095 mmol, MH 2092} dissolved 



35 



enaooaa <wo_9e40772A2.M> 



wo 96/40772 



PCT/US96/09469 




BNSOOCIO: <WO_9e«>772A2JA> 



wo 96/40772 



PCTAJS96/09469 



10 



15 



20 



-29- 
EXAMPLE 3 

PEG dimerization of peptide GGTYSCHFGPLTWVCKPQGG 
(SEQ ID NO: 8) (lot #2) 

The modification of peptide (SEQ ID NO: 8) was 
carried out by resuspending 25 mg (0.0071 ramol) of 
polymer in 4 ml PBS at pH 7.5, and adding a ca. 3 fold 
molar excess of peptide (SEQ ID NO: 8) (0.0213 mmol, 
45.8 rag, MW 2092) dissolved in 1 ml of 0.1% 
trif luoroacetic acid. The mixture was incubated on ice 
for 22 hours. At that time, the reaction was adjusted 
to a final concentration of 50 mM Tris by the addition 
of 1 M tris-HCl, pH 7.5. The reaction mixture was 
incubated on ice for 1 hour. The sample was subjected 
to analytical and preparative HPLC as described in 
Example 8. After preparative HPLC and lyophilization, 
37 mg of PEG dimer was recovered. The theoretical yield 
for this experiment was 55 mg based on a calculated mass 
of 7600 mg/mmol for a yield of 68% (Table I). 
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EXAMPLE 5 

PEG dimer ization of peptide Ac-GGTYSCHFGPLTWVCKPqGG 
(SEQ ID NO: 20) 

The modification of peptide (SEQ ID NO: 20) 
was carried out by resuspending 10.5 mg (0.0031 rnmol) of 
polymer in 2.5 ml PBS at pH 7.5, and adding a ca. 3 fold 
molar excess of peptide (SEQ ID NO: 20) (0.0094 mmol, 20 
mg, MW 2133) dissolved in 0.25 ml of 0.1% 
trif luoroacetic acid and the mixture incubated at 4*C 
for 28 hours. At that time, the reaction as monitored 
by HPLC was estimated to be approximately 30% complete, 
the remperature was shifted to ambient and an additional 
27 hour incubation provided no net increase in product.* 
Because of possible hydrolysis of the reactive polymer, 
an additional 5 mg of polymer was added and the 
incubation was continued for an additional 16 hours. At 
that time, 0.25 ml of 1 M tris-HCl, pH 7.5 was added and 
the reaction mix was incubated at 4*C for an additional 
1 hour. The sample was subjected to analytical and 
preparative HPLC using a flatter gradient system as 
described in Example 8. The main preparative reaction 
product peak eluting at ca 48 minutes. After 
preparative HPLC and lyophilization, 10.4 mg of PEG 
dimer was recovered. The theoretical yield for this 
experiment was 34.4 mg based on a calculated mass o£ 
7650 mg/mmol for a yield of 30% (Table I). 
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EXAMPLE 7 

PEG dimerization of peptide ( SEQ ID NO; 18) 

The modification of peptide (SEQ ID NO: 18) 
was carried out by resuspending 1.2 mg (0.00036 nuaol) of 
polymer in 0.5 ml PBS at pH 7.5, and adding a ca. 3 fold 
molar excess of the peptide (0.0011 mmol, 1.5 rag, MW 
2177) dissolved in 0.05 ml of 0.1% trif luoroacetic acid. 
The mixture was incubated on ice for 20 hours. At that 
time, 0.1 ml of 1 M tris-HCl at pH 7.5 was added. The 
reaction mixture- was incubated at 4''C for 1 hour. The 
sample was subjected to purification using an analytical 
HPLC system as described in Example 8. The main 
reaction product peak eluted at ca 3 8 minutes. After 
preparative HPLC and lyophilization, 1 mg of PEG dimer 
was recovered. The theoretical yield for this 
experiment was 2.2 mg based on a calculated mass of 6150 
mg/mmol for a yield of 45% (Table I). 
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rainutes . The major product peak eluting at 48 minutes 
was collected and lyophilized (Figure 2). These elution 
conditions were subsequently modified to improve the 
resolution of some conjugation products peptide (SEQ ID 
NO: 20), mPEG-peptide (SEQ ID NO: 8), peptide (SEQ ID 
NO: 14) from reaction by products. This was 
accomplished by application of a flatter linear gradient 
of 20-80% B over 60 minutes. The variation in retention 
time due to different peptides and elution condition is 
described as part of each synthesis example. The 
materials recovered from the main product peak from each 
reaction were subsequently analyzed by analytical 
reverse phase HPLC, MALDI-TOF mass spectrometry, EPO 
competitive binding potential and for in vitro 
bioactivity. 

The activated PEG used in these experiments 
has an approximate molecular weight of 3400 and has 
amine reactive succinimidyl groups on either end of the 
difunctional linear polymer. This reactivity was 
employed to couple two equivalents of peptide (SEQ ID 
NO: 8) (MW= 2092) to the polymer with the concomitant 
liberation of two succinimidyl moieties resulting in a 
dimeric product as shown in Scheme I. Peptide (SEQ ID 
NO: 8) contains two potentially reactive amines, one at 
the N- terminus of the peptide and one in the side chain 
of the single lysine within the peptide sequence, so 
that a number of different connectivities between the 
two molecules was possible. 

HAZiDI-TOF mass spectral analysis was 
supportive of the presence of the expected dimeric 
product (Figure 3) as indicated by a predominant species 
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1 

EXAMPLE 9 

EBP (EPO Binding Protein) Dimerization 



This example demonstrates the interaction of 
peptide (SEQ ID NO: 8), peptide (SEQ ID NO: 16), peptide 
(SEQ ID NO: 18) and peptide (SEQ ID NO: 13) with EPO 
binding protein (EBP) using a bi functional sulphydryl 
reactive crossiinker, (l,4-Di-[3'- 
( 2 ' -pyridyldi thio ) propionamido ] butane DPDPB . 

To explore the interaction of peptide (SEQ ID 
NO: 8) with EBP, a bifunctional sulphydryl reactive 
crossiinker (DPDPB) was used in an attempt to stabilize 
a mimetic dependent dimeric structure. Control 
experiments demonstrated that the crossiinker does not 
inactivate the EPO binding potential of EBP or the 
proliferative properties of peptide (SEQ ID NO: 8) . As 
shown in Figure 4 , a dimeric EBP product was formed by 
CO- incubation of the peptide, peptide (SEQ ID NO: S) , 
DPDPB and EBP. This data shows the ability of the 
peptide (SEQ ID NO: 8) to mediate formation of a soluble 
receptor dimer. To further explore this question, 
peptides (SEQ ID NO: 13), (SEQ ID NO: 16) and (SEQ ID 
NO: 18) were examined for their eibility to mediate 
dimerization. As shown in Figure 4, lanes 7A and 8A, 
when peptide (SEQ ID NO: 13) was truncated at the 
cazboxyl terminus, it retained good in vitro bioactivity 
and improved in vivo bioactivity, resulting in a 
crosslinking signal similar to peptide (SEQ ID NO: 8). 
However, peptide (SEQ ID NO: 18) did not appear to 
stabilize the dimerization signal (Figure 4, lanes 9A 
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EXAMPLE 10 

IMMOBILIZED ESP SASEQ f-^'IlEPO COMPETITION BINDING 
ASSAY 

This Study examined the binding capacity of 
the EFO PEG dimers to bind EPO receptors. 

The extracellular domain of the human 
erythropoietin receptor (EPO binding protein, EBP) was 
expressed and overproduced in E. coli . As with many 
other recombinant eukaryotic proteins produced in E. 
coli, the protein appeared as an insoluble product in 
laboratory scale fermentations and was refolded and 
purified to obtain active protein. EPO binding protein 
produced by this method contains one free sulfhydryl 
group which can be modified without effecting the 
solution phase binding of ligand. In order to 
immobilize the EFO binding protein for equilibrium 
b'inding analysis and for competition binding assay, the 
EPO binding protein was covalently attached to agarose 
beads. 

The iodoacetyl activation chemistry of 
Sufolink beads (Pierce Chemical Co, Rockford, XL) is 
specific for free thiols and assures that the linkage is 
not easily reversible. EBP-Sulf olink beads were made as 
follows: SulfoLink gel suspension (10 mi) was mixed with 
of coupling buffer (40 ml: 50 mM Trls, pH 8.3, 5 mM 
EDTA) and the gel was allowed to settle. The 
supernatant was removed and the EPO binding protein 
(0.3-1 mg/ml in coupling buffer) to be bound was added 
directly to the washed beads. The mixture was rocked 
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washes were passed through the pipet tip and collected 
for determination of the free EPO concentration. 
Equilibrium binding analysis of the specific association 
of ['• = =*I]EPO with EPO mimetic binding proteins 
immobilized on these agarose beads indicates a Kd of 5 
nM ± 2 based on a linear transformation (Scatchard) of 
the binding isotherm (Figure 5). 

Competitive binding analysis assays of 
candidate peptides and dimer peptides were performed as 
outlined below. Individual peptides were dissolved in 
DMSO to prepare a stock solution 1 mM. Oimer peptides 
were contained within PBS at a concentration of 5 mM. 
All reaction tubes (in duplicate) contained 50 yL of EBP 
beads, 0.5 nM ('•' = I]EPO and 0-500 pM peptide in a total 
of 500 binding buffer. 

The final concentrat:ion of DMSO was adjusted 
to 2.5% in all peptide assay tubes. At this 
concentration DMSO has no detectable effect since an 
examination of the sensitivity of the assay to DMSO 
demonstrated that concentrations of up to 25% DMSO (V/V) 
had no deleterious effect on binding. Non-specific 
binding was measured in each individual assay by 
inclusion of tubes containing a large excess of 
unlabelled EPO ( 1000 nM) . Initial assay points with no 
added peptide were included in each assay to determine 
total binding. Binding mixtures were incxibated 
ovezmight at room temperature with gentle rocking. The 
beads were then collected using Micro-columns (Isolab, 
Inc.) and washed with 3 mL of wash buffer. The columns 
containing the washed beads were placed in 12 x 75 mm 
glass tubes and bound radioactivity levels determined in 
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TABLE II 
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After a 42 hr incubation at Zl'C (ca. 2 ceil doublings) 
iMCi/well of [^H] thymidine was added and the incubation 
continued for 6 hr at which time the cells were 
harvested and counted to assess [ ^H] thymidine 
^ incorporation as a measure of cell proliferation. 

Results are expressed as the amount of peptide or dimer 
peptide necessary to yield one half of the maximal 
activity obtained with recombinant EPO. 

As shown in Figure 5 and Table II, the initial 
-° lot of PEG-peptide (SEQ ID NO: 8) dimer demonstrated 

ED=o values of 0.01 Mm and 0.0015 in EPO responsive 
cell lines containing the murine or human EPO receptor, 
respectively. In both cell lines, the parent peptide, 
peptide (SEQ ID NO: 8), demonstrated an ED^o of 0.1 fiM, 
^5 indicating an increase in potency of 10 fold in the 

murine receptor line and almost 60 fold in the human 
receptor containing cells . Thus , the dimer was clearly 
more potent in murine and human lines than the peptides 
themselves. This was confirmed by generation of a 
second synthesis lot of PEG-peptide (SEQ ID NO: 8) dimer 
which resulted in a 10 and 45 fold increase in potency 
in the murine and human lines, respectively. Polymer 
alone, which was inactivated by treatment with Tris-HCl, 
demonstrated no activity in the cell proliferation 
assay. 

A second EPO mimetic peptide, peptide (SEQ ID 
NO: 13), with the sequence GGTYSCHFGPLTWVCKPQ, was also 
subjected to a similar PEG dimerization protocol as that 
described above for peptide (SEQ ID NO: 8). The diner 
30 product of PEG-peptide (SEQ ID NO: 13) is also nors 

active than the unconjugated parent compound (Table II). 
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" EXAMPLE 12 

To further examine the connectivity of the 
peptides of the present invention to PEG, peptide 
^ molecules, which contained only an internal lysine group 
were used peptide (SEQ ID NO: 8) analog acetylated at 
the N-terminus peptide (SEQ ID NO: 20) and a sequence 
analog peptide (SEQ ID NO: 14) which only had a reactive 
M-terminal amine were PEG dimerized. In vitro 
proliferation data of these compounds suggest that 
potential dimerization through the free amino terminus 
has the most profound effect on bioactivity giving rise . 
to a species about 80 fold more active than the 
monoraeric parent peptide (SEQ ID NO: 14) dimer. 
'■^ Conjugation through the lysine side chain had no real 

effect on activity peptide (SEQ ID NO: 20) as did monb- 
PEG or di-PEG conjugation (Table III). This data 
indicates that the creation of a head to head dimer 
(both peptides attached through the N-terminus) using a 
PEG linker greatly enhances the potency of EPO peptides 
and approaches a level almost two logs greater than the 
free parent peptide. Further, this effect was not 
observed upon simple covalent attachment of linear PEG 
to peptide (SEQ ID NO: 8) indicating that dimerization 
^5 la a critical determinant for this increased activity. 
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EXAMPLE 13 

Polvcvrhemic Exhvposic Mouse Bioassav . 

This study demonstrates the ability of peptide 
(SEQ ID NO: 8 ) /PEG-dimers to retain in vivo bioactivity. 
Peptides were assayed for in vivo activity in the 
polycythemic mouse bioassay adapted from the method 
described by Cotes and Bangham (1961), Nature 191 ; 1065- 
1067. BDFl mice were allowed to acclimate to ambient 
conditions for 7-10 days. Body weights were determined 
for all animals. Low weight animals (<15 grams) were 
not used. Mice were introduced to hypobaric chambers 
with a 24 hour conditioning cycle consisting of 0.40% 
+/- 0.02 atm. for 18 hours followed by 6 hours at 
ambient pressure for a total of 14 days. Following the 
14 day period, mice were placed in ambient pressure for 
72 hours prior to dosing. Test samples or recombinant 
Hiiman Erythropoietin (rHuEPO) standards were diluted in 
an assay vehicle consisting of Phosphate Buffered Saline 
(PBS) -0.1% Bovine Seriim Albumin (BSA). Peptide sample 
stock solutions (excluding peptide dimers) were first 
solubilized in dimethyl sulfoxide (DMSG) . Control 
groups included one group of vehicle alone, and one 
group of (DMSO) at final concentration of 1%. 

Each dose group contained 10 mice. Mice were 
injected subcutaneous ly (scruff of neck) with 0.5 ml of 
the appropriate sample. Forty eight hours following the 
sample injection, the mice were administered an 
intraperitoneal injection of 0.2 ml of [**Fe] 
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EXAMPLE 14 

This example shows that an inactive truncation 
analog of peptide (SEQ ID NO: 8), which lacks the 
critical tyrosine peptide {SEQ ID NO: 18), 
(SCHFG7LTWVCK) , can be converted to an agonist on the 
human EPO receptor cell line by PEG dimerization. In 
this experiment, a 10-= M concentration of the parent 
peptide had no activity above background while the 
dimeric peptide exhibited a level of proliferation twice 
as many cpm as background. As shown in Figure 8, the 
peptide alone (open squares) did not induce 
proliferation of the EPO responsive cells but upon PEG 
dimerization (open diamonds) a significant agonist 
effect was observed. Approximately twice as many cpm 
incorporated over non-stimulated cells at 10-* M added 
peptide dimer. The replicate error bars represent the 
standard deviation of three assay points per 
concentration of peptide or peptide dimer. 
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refrigerated centrifuge. The supernatant was removed, the cell 
pellet resuspended in 100 ^1 of binding buffer, and the cell 
suspension layered onto 0.7 ml of bovine calf serum. The tubes were 
centrifuged at 12,000 rpn for 5 min at 4-C, the supernatant was 
removed, the bottom of the tubes snipped off, and the cell pellets 
counted in a Micromedic ME plus gamma counter. Non-specific binding 
was determined by incubating cells with [125] -EPO and a lOO-fold 
excess of non- radioactive EPO. These data demonstrate increases in 
apparent binding competitive affinity of 3.0 fold, 3.2 fold and 80 
fold for peptides RWJ 61233, RMJ 61596 and RWJ 61718, respectively 
(Table 2) . In vivo proliferation studies with these peptides and 
their dimet derivatives reveal increases in potency of ea. 50 fold, 
10 fold and 80 fold, respectively, indicating that the magnitude of 
increased binding affinity is exceeded by the functional potency of 
the peptide for two of the three species. Thus, the effect of 
dimerization and subsequent increase in activity may be one in which 
the efficiency of receptor stimulation is improved by limiting the 
lateral diffusion of the receptors away from a binding event. 
Peptide dimerization therefore likely results in entropic rather 
than enthalpic gains upon mimetic ligand- receptor association for 
some peptide dimer sequences. 

Unlike the EBP-bead EPO competitive binding assay where peptide 
dimerization negatively impacted the ability of PEG dimer peptides 
to compete for receptor binding, the ability to compete for cell 
associated receptors is increased by dlaerization. This may be due 
to the ability of the cell associated receptor to dimerixe while the 
ianobilixed EBP monomer likely cannot. 

conversion of inactive to active peptide WIJ 61177 was further 
studied. An improved and expanded study was performed which 
confirmed our earlier observation of conversion to an active peptide 
(Figure 6, Panel D) . 
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TABLE V. EPO COMPETTnVE BINDING ANALYSIS OF CELL ASSOCIATED 
RECEPTORS 

\ 
\ 



Compound ICjo (|iM) 



RWJ61233 (seqID#8) 3.8 

SAP2/61233,covalentdimer 0.28 

RWJ 61718 (seqID#14) 18 

SAP2/61718, covaient dimer 0.07 



aNSOQCIO: <WO_9640772A2.IA> 



wo 96/40772 



PCT/US96/09469 



c) FEATURE: 

(A) NAME/KEY: Pencide 

(B) LOCATION: I.. 10 

(D) OTHES. INFORMATION: /noce= "Xaa(Posl) can be C,A, a-amino-Y- 

bromofaucyxic acid or Hoc; Xaa{Pos2) can be R.H.L or W; Xaa(Pos3) 
can be M.F or I; Xaa(Pos6) can be any one of Che 20 L- amino acids 
or Che scereoisomeric D-amino acids; Xaa(Pos9) can be D.E.I.L or 
V; and Xaa(PoslO) can be C,A,a-ani±no--y-bromobucyric acid or Hoc, 
providiBd that either Xaa(Posl) or Xaa(PoslO) is C or Hoc" 

.i) SEQDEHCS DESCRIPTION: SEQ ID N0:1: 

laa Xaa Xaa Gly Pro Xaa Thr Trp Xaa Xaa 
5 10 



rFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

ii) MOLECULE TYPE: peptide 

ix) FEATURE: 

(A) NSME/KEY: Peptide 

(B) LOCATION: 1..12 

(D) OTHER IHFOHMATION: /noce= '♦Xaa(Po32) and Xaa(Poaa) can ba any on 
of rh " 20 L-aaino acids; XaalPos3) can be C.A.a-amino-T" 
bromobucyric acid or Hoc; Xaa{Pos4) can be R,H,L or W; xaa(PosS) 
can be M.F or I; Xaa(Posll) can be D.E.I.L or V; and Xaa<P08l2) 
can be c,A,o-amino-T-bromobucyric acid or Hoc, provided tfaac 
either Xaa(Poa3) or Xaa(Poai2) is C or Hoc" 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

TVr Xaa Xaa Xaa Gly Pro Xaa Thr Trp Xaa Xaa 
1 S 10 



INFORMATION FOR SEQ ID NO:3: 

(i) SSaOEHCS CBARACTERZSTICS : 

(A) LEHGTHt IS amino acids 

(B) TZS&i amino acid 

(C) STRANDEDNESS : single 
(O) TOPOLOGY: linear 

(ill MOLECULE TYPE: peptide 
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L) SEQXJENCZ OESOIIFTION : SEQ ID NO: 5: 

aa Tyr Xaa Cys Xaa Xaa Gly Pro Xaa Thr Trp Xaa Cys Xaa Xaa Xaa 
5 10 IS 



FORMATION FOR SEQ ID NO: 6: 

i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(CI STRANCEDNESS : single 
CD) TOPOLOGY: linear 

.i) MOLECULE TYPE: peptide 

jc) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1..16 

(D) OTHER INFORMATION: /noce« "Xaa(Posl) can be D.E.L.N.S.T or V? 
Xaa(Pos3) can be A.H,K.L,M,S or T; Xaa(Pos5) can be R or H; 
Xaa(Pos6) can be F or M; Xaa{Pos9) can be I.L.T.M or V; 
Xaa(Posl2) can be □ or V; Xaa(Posl4) can be K,R,S or T; 
Xsui(Posl5) is P and Xaa(Posl6) can be any one of the 20 L-amino 
acids" 

Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Xaa Tyr Xaa Cys Xaa Xaa Gly Pro Xaa Thr Trp Xaa Cya Xaa Xu Xaa 
1 S 10 IS 



NFORHATXaN FOR SEQ IS NO:?: 

( i ) SEUUKM CE CHA RACi'KKISTZCS : 

(A) L£3ISTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STBABDEDNESS : single 

(D) TOPOLOGY: linear 

;ii) MOXiECDLS TYPE: peptide 

:xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Gly Gly Leu Tyr Leu Cys Arg Phe Gly Pro Val Thr Trp A«p Cys Gly 
1 5 10 IS 

Tyr Lys Gly Gly 
20 
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<±) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

/al Gly Asn Tyr Mec Cys His Phe Gly Pro lie Thr Trp Val Cys Arg 
1. 5 .10 15 

Pro Gly Gly Gly 
20 



NFORMATION FOR SEQ ID NO: 11; 

(i) SEQUENCE CHaBACTERISTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid. 

(C) STRANDEDNESS : single 

(D) - TOPOLOGY: linear 

ii) MOLECULE TYPE: peptide 
,xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Gly Gly Val Tyr Ala Cys Arg Met Gly Pro lie Thr Trp Val Cys Ser 
IS 10 IS 

Pro Leu Gly Gly 
• 20 



rNFOKMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 

(C) STRA23DEDtIESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUESCE DESCRIPTION: SEQ ID NO: 12: 

Val Gly Aan Tyr Net Ala His Met Gly Pro He Tbr Trp Val Cys Arg 
15 10 IS 

Pro Gly Gly 



INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 
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.FORMATION FOR SZQ ID NO: IS: 

L) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

i) MOLECULE TYPE: peptide 

i) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

hr Ser Cys His Phe Gly Pro Leu Thr Trp Val Cys Lys 
5 10 



FORMATION FOR SEQ ID NO: 17: 

.1) SEQUENCE CH2^RACTERISTICS : 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 

(C) 5TRANDEDNESS : single 

(D) TOPOLOGY: linear 

ii] MOLECULE TYPE: peptide 

xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Tyr Cys His Phe Gly Pro Leu Thr Trp Val Cys 
1 S 10 



NFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CEAXtACTERXSTXCS : 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: Linear 

;ii} MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Ser Cys His Phe Gly Pro Leu Thr Trp val Cys Lys 
15 10 



INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 
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i) MOLECULE TYPE: pepcide 

i) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

ly Gly Thr Tyr Arg Cys Ser Met Gly Pro Met Thr Trp Val Cys Leu 
5 10 IS 

ro Met Gly Gly 
20 



iFORMATION FOR SEQ ID NO: 22: 

i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

Li) MOLECULE TYPE: pepcide 

JCi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

Sly Gly Met Tyr Ser Cys Arg Met Gly Pro Met Thr Trp Val Cys Gly 
1 5 10 IS 

Pro Ser Gly Gly 
20 



.NF0R14ATX0N FOR SEQ ID NO: 23: 

( i ) SEQUENCE GHA RACrKmSTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
(O) TOPOLOGY: linear 

(ii) MGLECOLE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

Gly Gly Trp Ala Trp Cys Arg Met Gly Pro lie Thr Trp Val Cys Ser 
1 S 10 IS 

Ala His Gly Gly 
20 
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i) SEQUENCE DESCRIPTION:. SEQ ID N0:2S: 

ly Gly AsT3 Tyr Thr Cys Arg Met Gly Pro Met Thr Trp lie Cys Thr 
5 10 15 

J.a Thr Gly Gly 
20 



IFOPMATION FOR SEQ ID NO: 27: 

;i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 euaino acids 

(B) TYPE: amino acid 

(C) STSANDEDNESS : single 

(D) TOPOLOGY: linear 

ii) MOLECULE TYPE: peptide 

xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

Gly Gly Asn Tyr Leu Cys Arg Phe Gly Pro Gly Thr Trp Asp Cys Thr 
15 10 15 

Gly Phe Arg Gly 
20 



INFORMATION FOR SEQ ID NO :2a: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE ; amin o acid 

(C) STRAiaDEDEIESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2S: 

Gly Gly Asn Tyr Val Cys Arg Met Gly Pro lie Thr Trp lie Cys Thr 
IS 10 IS 

Pro Ala Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
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FORMATION FOR SEQ ID NO: 32: 

i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

.i) MOLECDLE TYPE: peptide 

:i) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

3ly Gly Glu Tyr Lys Cys Arg Met Gly Pro Leu Thr Trp Val Cys Gin 
L 5 3.0 

ryr Ala Gly Gly 
20 



ilFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: Linear 

;ii) MOLECULE TYPE: peptide 

;xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

Gly Gly Asp Tyr Thr Cys Arg Met Gly Pro Met Thr Trp He Cys 



Ala Thr Arg Gly 
20 



INFORMATIOH FOR SEQ ID NO; 34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

i.) MOLECULE TYPE; peptide 

i) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 

ly Gly Asn Tyr lie Cys Arg Met Gly Pro Met Tbx Trp Val Cys Thr 
5 10 15 

.la His Gly Gly 
20 



FORMATION FOR SEQ ID NO: 38: 

.i) SEQUENCE CHAHACTERISTI CS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

ii) MOLECULE TYPE: peptide 

Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 

Gly Gly Asp Tyr Leu Cys Arg Met Gly Pro Ala Thr Trp Val Cys Gly 
1.5 10 15 

Arg Met Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 39: 

(i) SEQU^CE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECDLE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 

Gly Gly Leu Tyr Leu Cys Arg Plie Gly Pro Val Thr Trp AstJ cVs Gly 
15 10 13 

Tyr Lys Gly Gly 
20 
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) SEQUENCE DESCRIPTION: SEQ ID NO: 42: 

y Gly Thr Tyr Ser Cys His Phe Gly Pro Leu Thr Trp Val Cys Lvs 
S 10 IS 

•o Gin Gly Gly 
20 



rORMATION FOR SEQ ID NO: 43: 

L) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

i) MOLECULE TYPE: peptide 

i) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 

;ly Gly lie Tyr Lys Cys Leu Met Gly Pro Leu Thr Trp Val Cys Thr 
5 10 15 

'ro Asp Gly Gly 
20 



IFORMATION FOR SEQ ID NO : 44 : 

(i) SEQUENCE CBARACTERZSTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STBANDSmiESS : single 

(D) TOPOLOGY: linear 

ii) MOLECOLE TYPE: peptide 

xi) SEQUENCE DESCRIPTI^: SEQ ID NO: 44: 

Gly Gly Leu Tyr Ser Cys Leu Met Gly Pro He Thr Trp Leu Cys Lys 
1 S 10 15 

Pro Lya Gly Gly 
20 



aiFORMATION FOR SEQ ID NO: 45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
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FORMATION FOR SEQ ID NO: 43: 

i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANEEDNESS : single 

(D) TOPOLOGY: linear 

.i) MOLECULE TYPE: peptide 

:i) SEQUENCE DESCRIPTION: SEQ ID NO :4a: 

3ly Gly Lvs Tyr Leu Cys Ser Phe Gly Pro lie Thr Trp Val Cys Ala 
L ' 5 10 IS 

\rg Tyr Gly Gly 

20 



^FORMATION FOR SEQ ID NO: 49: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

;ii) MOLECDLE TYPE: peptide 

(xi) SEQX7ENCE DESCRIPTION: SEQ ID NO: 49: 

Gly Gly Leu Tyr Lys Cys Arg Leu Gly Pro lie Thr Trp VaJ. Cys Ser 
1 5 10 is 

Pro Leu Gly Gly 
20 



INFORMATION FOR SEQ ID NO: SO: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECDLE TYPE: peptide 



BNSOOCIO: <WO_9S40772A2JA> 



wo 96/40772 



PCT/i;S96/09469 



(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

.i) MOLECULE TYPE: peptide 

:i) SEQUENCE DESCRIPTION: SEQ ID NO: 53: 

5ly Gly Leu Tyr Glu Cys Arg Met Gly Pro Met Thr Trp Val Cys Arg 
5 10 IS 

Pro Gly Gly Gly 
20 



MFORMATION FOR SEQ ID NO: 54: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANCEDNES5 : single 

(D) TOPOLOGY: linear 

ii) MOLECULE TYPE: peptide 
;xi) SEQUENCE DESCRIPTION: SEQ ID NO: 54: 

Gly Gly Asp Tyr Tlir Cys Arg Met Gly Pro lie Thr Trp lie Cys Thr 
15 10 IS 

Lys Ala Gly Gly 
20 



INFORMATIW FOR SEQ ID NO: 55: 

(i) SEQUENCE CHARACTEXUSTICS : 

(A) LENGTH: 20 amino acids 

(B) T7FE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55: 

Gly Gly Val Tyr Ser Cys Arg Met Gly Pro Thr Thr Trp Glu Cya Asn 
IS 10 IS 

Arg Tyr Val Gly 
20 
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(C) STIIANDEDNESS : single 

(D) TOPOLOGY: linear 

i) MOLECULE TYPE: peptide 

i) SEQUENCE DESCRIPTION: SEQ ID NO: 61: 

ly Gly Val Tyr Lya Cys Arg Met Gly Pro Leu Thr Trp Glu Cys Arg 
S 10 15 

ro TJar Gly Gly 
20 



rFORMATION FOR SEQ ID NO: 62: 

;i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 sunino acids 

(B) TYPE: amino acid 

(C) STRANDEDNES3 : single 

(D) TOPOLOGY: linear 

ii) MOLECULE TYPE: peptide 

3Ci) SEQUENCE DESCRIPTION: SEQ ID NO: 62: 

Glv GlY Asp Tyr Asn Cys Arg Phe Gly Pro Leu Thr Trp Val Cys Lys 
1 5 10 IS 

Pro Ser Gly Gly 
20 



:NF0RMATI0N for SEQ id N0:63: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 63: 

Gly Gly Ser Tyr Leu Cys Arg Phe Gly Pro Thr Thr Trp Leu Cya Ji 
1 S 10 ^3 

ser Ala Gly Gly 
20 
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i) SEQUENCE DESCRIPTION: SEQ ID NO:SS: 

ly Gly Trp Val Thr Cys Arg Met Gly Pro lie Thr Trp Val Cys Gly 
5 10 IS 

al His Gly Gly 
20 



IFORMATION FOR SEQ ID NO: 67: 

;i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

ii) MOLZCULE TYPE: peptide 

xi) SEQUENCE DESCRIPTION: SEQ ID N0:S7: 

Gly Gly Gin Leu Leu Cys Gly lie Gly Pro lie Thr Trp Val Cys Arg 
1 S 10 IS 

Trp Val Gly Gly 
. 20 



3TF0RMATI0N FOR SEQ ID NO: 68: 

(i) SEQUENCE CEARACTSRISTICS : 

(A) LENGTH: 22 cUnino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 68: 

Gly Gly Lys Tyx Ser Cys Phe Met Gly Pro Thr Thr Trp Val Cys Ser 
2. S XO IS 

Pro Val Gly Arg Gly Val 
20 



INFORMATION FOR SEQ ID NO: 69: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
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FORMATION FOR SEQ ID NO: 80: 

i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEONESS : single 

(D) TOPOLOGY: linear 

-i) MOLECULE TYPE: peptide 

ci) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

31y Gly Lys Tyr Tyr Cys Trp Met Gly Pro Mec Thr Trp Val Cys Ser 
IS 10 IS 

Pro Ala Gly Gly 
20 



NFORMATION FOR SEQ ID NO: 81: 

(1] SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

;ii) MOLECDLE TYPE: peptide 

:xi) SEQUENCE DESCRIFTICSI: SEQ ID NO: 81: 

Gly Gly Tyr Val Met Cys Arg lie Gly Pro He Thr Trp Val Cys Asp 
15 10 15 

He Pro Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 92: 

( i ) SEQUENCE CTA RALTEklSTICS : 

(A) I£NGIE: 20 ami no acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(C) STOANDEDNESS : single 

(D) TOPOLOGY: linear 

Li) MOLECULE TYPE: peptide 

Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 85: 

31y Gly Leu Tyx Ala Cys Arg Met Gly Pro lie Thr Trp Val Cys Lys 
15 10 IS 

Tyr Met Ala Gly 
20 



NFORMATION FOR SEQ ID NO: 86: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 86: 

Gly Gly Gin Tyr Leu Cys Thr Phe Gly Pro lie Tiir Trp Leu Cys Arg 
15 10 15 

Gly Ala Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 87: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 87: 

Gly Gly Val Tyr Ala Cys Arg Met Gly Pro lie Thr Trp Val Cva Ser 
15 10 1j 

Pro Leu Gly Gly 
20 
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.) SEQUENCE DESCRIPTION: SEQ ID NO: 90: 

Lv Gly Asn Tyr Tyr Cys Arg Phe Gly Pro lie Thr Phe Glu Cys His 
5 10 15 

Thr Gly Gly 
20 



FORMATION FOR SEQ ID NO: 91: 

i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

.i) MOLECULE TYPE: pepcide 

:i) SEQUENCE DESCRIPTION: SEQ ID NO: 91: 

31y Gly Glu Tyr Leu Cys Arg Mec Gly Pro Asn Thr Trp Val Cys Thr 
L 5 10 15 

Pro Val Gly Gly 
. 20. 



NFORMATION FOR SEQ ID NO: 92: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANSEDNESS : single 

(D) TOPOLOGY: linear 

ii) MOLECULE TYPE: pepcide 
;xi) SEQUENCE DESCRIPTION: SEQ ID NO: 92: 

Gly Gly Leu Tyr Thr Cys Arg Met Gly Pro lie Thr Trp Val Cys Leu 
15 10 13 

Pro Ala Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 93: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
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(C) STRANDEENESS : single 

(D) TOPOLOGY: linear 

ii) MOLECULE TYPE: pepride 

xi) SEQUENCE DESCRIPTION: SEQ ID NO: 65: 

Gly Gly Trp Val Tyr Cys Arg lie Gly Pro lie Thr Trp 7al Cvs Asp 
IS 10 15 

Thr Asn Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 70: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(11) MOLECDZiE TYPE: pepcide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 70: 

Gly Gly Met Tyr Tyr Cys Arg Met Gly Pro Met Thr Trp Val Cys Lys 
1-5 10 IS 

Gly Ala Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 71: 

(1) SEQUENCE CBARACTSRISTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 71: 

Gly Gly Thr Thr Gin Cys Trp lie Gly Pro lie Thr Trp Val Cys Arg 
1 S 10 15 

Ala Arg Gly Gly 
20 
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) SEQUENCE DESCRIPTION: SEQ ID NO: 74: 

y Gly Asn Tyr Thr Cys Arg Phe Gly Pro Leu Thr Trp Glu Cys Thr 
5 10 15 

o Gin Gly Gly Gly Ala 
20 



ORMATION FOR SEQ ID NO: 75: 

.) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

L) MOLECULE TYPE: peptide 

i) SEQUENCE DESCRIPTION: SEQ ID NO : 7S : 

ly Gly Ser Txp Asp Cys Arg lie Gly Pro lie Thr Trp Val Cys Lys 
5 10 IS 

rp Ser Gly Gly 
20- 



[FORMATION FOR SEQ ID NO: 76: 

:i) SEQUENCE CSARACTERZSTICS : 

(A) LENGTH: 20 amino acids 

(B) TZFE: asizw acid 

(C) STS3^En)EDHSSS : single 

(D) TOPOLOGY: linear 

ii] MOLECULE TYPE: pepcide 

xi) SEQUENCE DESCRIPTION: SEQ ID NO: 76: 

Val Gly Asn Tyr Met Cys His Phe Gly Pro lie Thr Trp Val Cys Arg 
1 5 10 15 

Pro Gly Gly Gly 
20 



INFORMATION FOR SEQ ID NO: 77: 

(i) SEQUENC E CHA RACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE.: amino acid 
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GGLYLCRFGPVTWDCGYKGG 
GGTYSCHFGPLTWVCKPQGG 
GGDYHCBMGPLTWVCKPLGG 
VGNYMCHFGP I TWVCRPGGG 
GGVYACPMGP I TWVCS PLGG 
VGNYMAHMGP I T WVCRPGG 
GGTYSCHFGPLTWVCKPQ 
GGLYACHMGPMTWVCQPLRG 
T lAQYICYMGPETWECRPS PKA 
YSCHFGPLTWVCK 
YCHFGPLTWVC 
SCHFGPLTWVCK 



(SEQ 


ID 


NO • 


i\ • 


(SEQ 


ID 


NO • 




(SEQ 


ID 


NO : 




(SEQ 


ID 


NO: 


10) 


(SEQ 


ID 


NO: 


11) 


(SEO 


IT) 






(SEQ 


ID 
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13> 
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ID 


NO: 


14) 


(SEQ 


ID 


NO: 


15) 


(SEQ 


ID 


NO: 


16) 


(SEQ 


ID 


NO: 


17) 


(SEQ 


ID 


NO: 


18) 



7. A pharmaceutical composition comprising at least one 
15 peptide dimer of any one of Claims 1-6. 

8. A method for treating a patient having a disorder 
characterized by a deficiency of EPO or low or defective red 
blood cell population comprising administering to said patient 

20 therapeutically effective amoiint of at least one peptide dimer 
of any one of Claims 1-6. 



9. The peptide dimer of any one of Claims 1-6 wherein said 
dimer is formed by a polyethylene glycol linker through a 
25 CO va lent bond. 



10. The peptide dimer of any one of Claims 1-6 wherein said 
monomeric peptide units are dimer i zed on activated 
benodiazepins/ oxazalones/ azalactones, aminimides or 

30 diketopiperazine. 

11. The peptide dimer of Claim 9 wherein said monomeric 
peptides are covalently bound N-terminus to N-terminus. 
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wherein each of X2 and Xs is independently selected from any one 
of the 20 genetically coded L-amino acids; X3 is C; X4 is R, H, L 
or W; X5 is M, F or I; X7 is D, E, I, L or V; and Xa is C. 

5 21. The method of Claim 15 or 16 wherein said agonist comprises 
a sequence of amino acids XiYX2X3X4X5GPX6TWX-»X8X9XioXii (SEQ ID NO: 
3) wherein each of Xi, X2, Xg, X9, Xio/ and Xn is independently 
selected from any one of the 20 genetically coded Lamino acids; 
X3 is C; is R, H, L or W; X5 is M, F or I; X7 is D, E, I, L or 
10 V; and Xs is C. 

22. The method of Claim 15 or 15 wherein said agonist comprises 
a sequence of amino acids XiYXaXjX^XsGPXsTWXTXBXjXioXii (SEQ ID NO: 

3) wherein each of Xi, X2, and Xu, is independently selected from 
15 any one of the 20 genetically coded L-amino acids; X3 is C; X^ is 
R or H; X5 is F or M; Xs is I, L, T, M or V; X7 is D or V; X9 is" 
G, K, L, Q, R, S, or T; and Xjo is A, G, P, R, or Y. 

23. The method of Claims 15 or 16 wherein said agonist 

20 comprises a sequence of amino acids XjYX2X3X4X5GPX«TWX7X8X9XioXn 

(SEQ ID NO: 3) wherein Xi is D, E, L, N, S, T or V; X2 is A, H, 
K, L, M, S, or T; X3 is C; X4 is R or H; X5 is M, F or I; Xg and 
Xu are independently any one of the 20 genetically coded L- 
amino acids; X7 is D, E, I, L or V; Xs is C; X9 is R, S, or T; 

25 and Xio is P. 

24. The method of Claim 15 or 16 wherein said agonist is 
selected from the group consisting of: 



GGLYLCRFGPVTWDCGYKGG 


(SEQ 


ID 


NO: 7) 


f 


GGTYSCHFGPLTWVCKPQGG 


(SEQ 


ID 


NO: 


8) ; 


GGDYHCRMGPLTWVCKPLGG 


(SEQ 


ID 


NO: 


9) ; 


VGNYMCHFGP I TWVCRPGGG 


(SEQ 


ID 


NO: 


10) ; 


GGVYACRMGP I TWVCS PLGG 


(SEQ 


ID 


NO: 


11) ; 
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Reverse Phase Analysis of SPA2 Reaction with seq. i . d. no. a 



A. SPA2 Polymer 



35 min 



B. Seq. I.D: No.- 8 



i 



37 nun 



35 min 



C Grade Reactum 



37 min 



D. Re^injeetion Pnxified 
RcscBon Pfodns 



Time (min) 



800 



Figure 1 
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FIG. 9 (B) 



GGVYKCRMGPLTWECRPTGG 

GGDYNCRFGPLTWVCKPSGG 

GGSYLCRFGPTTWLCSSAGG 

GGSYLCRMGPTTWVCTRMGG 

GGSYLCRFGPTTWLCTQRGG 

GGWVTCRMGPITWVCGVHGG 

GGQLLCGIGPITWVCRWVGG 

GGKYSCFMG PTTWVCSPVG RGV 

GGWWCRIGPITWVCDTNGG 

GGMYYCRMGPMTWVCKGAGG 

GGTTQCWIGPITWVCRARGG 

GGPYHCRMGPITWVCGPVGG 

GGEYRCRMGPISWVCSPQGG 

GGNYTCRFGPLTWECTPQGGGA 

GGSWDCRIGPITWVCKWSGG 

VGNYMCHFGPITWVCRPGGG 

GGLYLCRMGPQTWMCQPGGG 

GGDYVCRMGPMTWVCAPYGR 

GGWYSCLMGPMTWVCKAHRG 

GGKYYCWMGPMTWVCSPAGG 

GGYVMCRIGPITWVCDIPGG 

GSCLQCCIGPITWVCRHAGG 

GGNYFCRMGPITWVCCPSVG 

GGEYICRMGPLTWECKRTGG 

GGLYACRMGPITWVCKYMAG 

GGQYLCTFGPITWLCRGAGG 

GGVYACRMGPITVWCSPLGG 

GGYTTCRMGPITWVCSAHGG 

GGTYKCWMGPMTWVCRPVGG 

GGNYYCRFGPITFECHPTGG 

GGEYLCRMGPMTWVCTPVGG 

GGLYTCRMGPITWVCLPAGG 

GGLYTCRMGPITWVCLPAGG 



SEQ ID NO: 61 
SEQ ID NO: 62- 
SEQ ID NO: 63 
SEQ ID NO: 64 
SEQ ID NO: 65 
SEQ ID NO: 66 
SEQ ID NO: 67 
SEQ ID NO: 68 
SEQ ID NO: 69 
SEQ ID NO: 70 
SEQ ID NO: 71 
SEQ ID NO: 72 
SEQ ID NO: 73 
SEQ ID NO: 74 
SEQ ID NO: 75 
SEQ ID NO: 76 
SEQ ID NO: 77 
SEQ ID NO: 78 
SEQ ID NO: 79 
SEQ ID NO: 80 
SEQ ID NO: 81 
SEQ ID NO: 82 
SEQ ID NO: 83 
SEQ ID NO: 84 
SEQ ID NO: 85 
SEQ ID NO: 86 
SEQ ID NO: 87 
SEQ ID NO: 88 
SEQ ID NO: 89 
SEQ ID NO: 90 
SEQ ID NO: 91 
SEQ ID NO: 92 
SEQ ID NO: 93 



BNSOCXaO: <WO_9ai0772A3JA> 



SUBSTITUTE SHEET (RULE 26) 



WORLD rNTTELLECTUAL PROPERTY ORGANIZATION 
Intemaiional Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) InternatfcMial Patent CUtssificatlon ^ : 

C07K 7/06, 7/08, 14/00, 14/505, 14/52, 
1/107, A61K 38/04, 38/16, 38/18 



A3 



(11) InternaUonal Publication Number: WO 96/40772 

(43) International Publication Date: 19 December 1996 (19.12.96) 



(21) International Application Number: PCT/US96/09469 

(22) International Fding Date: 6 June 1996 (06.06.96) 



(30) Priority Data: 
08/484,135 



7 June 1995 (07.06.95) 



US 



(71) Applicant [for all designated States except US): JOHNSON & 

JOHNSON [US/US]; One Johnson & Johnson Plaza. New 
Bnmswicic NJ 08933-0001 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): JOHNSON, Dana. L. 
[US/US]; 1343 Lonely Cottage Road. Upper Black Eddy, 
PA 18972 (US). ZIVIN, Robert, A. [US/US]; 6 Glenbrook 
Court, Lawrenceville. NJ 08648 (US). 

(74) Agents: CIAMPORCERO, Audley, A., Jr. et al.; Johnson A 
Johnson. One Johnson & Johnson Plaza, New Bninswick. 
NJ 08933-0001 (US). 



(81) Designated States: AL, AM. AT, AU, AZ. BB. BG. BR, BY 
CA, CH, CN, CZ. DE. DK. EE. ES. FI. GB, CE. HU, IS, 
JP. ICE, KG, KP. ICR, ICZ. LK. LR. LS, LT. LU, LV, MD. 
MG, MK, MN, MW, MX. NO, NZ. PL, PT, RO. RU. SO. 
SE. SG. SI. SK, TJ, TM, TR. TT, UA. UG, US, UZ, VN. 
ARIPO patent (KE, LS. MW. SD. SZ. UG). Eurasian patent 
(AM. AZ, BY. KG, KZ MD, RU, TJ. TM), European patent 
(AT, BE. CH. DE. DK. ES. Fl, FR. GB. GR. IE. IT. LU, 
MC, NL, PT. SE), OAPI patent (BF, BJ, CF, CG, CI, CM 
GA. GN, ML. MR. NE. SN. TD, TG). 



Published 

With iiuerntuional search report. 

Before the expiration of the time limit for ameiuiing the 
claims and to be republished in the event of the receipt of 
amendments. 

(88) Date of pabllcatiM of the international search report: 

31 July 1997 (31.07.97) 



(54) Title: AGONIST PEPTIDE DIMERS 



(57) Abstract 
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Subject 1 rclaims 1-14,18,20-24,28-30(compiete);15-17,25,26(all partially) 

Compounds defined in the ciaiins 1-6, their preparation and use and the 
methods defined in the claims 15-18,25,26 and 28, wherein the ceil 
surface receptor is EPO-R. 

Subject 2:clalms 15-17.19,25-27{all partially) 

The methods defined in the claims 15-19 and 25-28, wherein the cell 
surface receptor (ant)agonist is a GH (ant)agonist. 

Subject 3:claims 15-17,19,25-27(all partially) 

The methods defined in the claims 15-19 and 25-28, wherein the cell 
surface receptor (ant)agonist is a PDGF (ant)agonist. 

Subject 4:claims 15-17.19.25-27(all partially) 

The methods defined in the claims 1 5-19 and 25-28, wherein the cell 
surface receptor (ant)agonist is a EGF (ant)agonist. 

Subject 5 :clalms 15-1 7,1 9,25-27{all partially) 

The methods defined in the claims 15-19 and 25-28, wherein the cell 
surface receptor (ant)agonist is a G(M)-CSF (ant)agonisL 

Subject 6:claims 15-17.19,25-27(all partially) 

The methods defined in the claims 1 5-19 and 25-28, wherein the cell 
surface receptor (ant)agonist is a TPO (ant)agonist 

Subject 7:claims 15-1 7.1 9,25-27(all partially) 

The methods defined in the claims 15-19 and 25-28, wherein the cell 
surfeice receptor (ant)agonist is a VEGF (ant)agonist. 

Subject 8:daims 15-17,19,25-27(all partially) 

The methods defined in the claims 15-19 and 25-28, wherein the cell 
surtece receptor (ant)agonist is a FGF (ant)agonist 

Subject 9:claims 15-17.19,25-27(ali partially) 

The methods defined in the claims 15-19 and 25-28, wherein the cell 
surface receptor (ant)agonist is an insulin (ant)agonist. 

Subject lOrclaims 15-l7,19,25-27{all partially) 

The methods defined in the claims 15-19 and 25-28, wherein the cell 
surface receptor (ant)agonist is a IL-3 (ant)agonist. 
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